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FOREWORD (First Edition) 


The study of astronomy in India is as ancient as her civilization Indian subcontinent is 
one of the few culture areas in which an unbroken tradition in astronomical research 
has been maintained from the prehistoric to modern times Thus the rudiments of the 
concept of a stellar zodiac which we find fully developed in the Vedic Samhitas and 
Brahmanas appear in some of the seals of the Indus Valley Civilization This early 
interest in astronomy is further reflected in the recognition oijyoti§a as one of the six 
Vedangas or auxiliary sciences whose mastery is indispensable for a proper under- 
standing of the Vedas The History of Astronomy m India opens with three chapters 
surveying in detail the primary source materials, — in Sanskrit, Arabic and Persian, 
and the secondary sources representing studies in European languages The subse- 
quent chapters are devoted to specialized aspects of Indian astronomy such as the 
astronomical thinking of the Indus Civilization and the Vedic times, of the post-vedic 
period prior to the appearance of astronomical siddhantas The astronomy of the 
siddhantas has been discussed in detail through such topics as th eyuga system, the 
computation of mean and true longitudes, eclipses and parallax, precession of equi- 
noxes, phases of the moon, rising and setting of planets and stars, and their conjunc- 
tions The correct reckoning of the time being the central feature of astronomical 
research, a chapter was devoted to the history of the development of calendars in 
India The observational astronomy whose importance was recognized quite early 
has been represented by two chapters, - one on instruments and the other on ob- 
servatories Methods of modern European astronomy started attracting the attention 
of Indian astronomers from the seventeenth and eighteenth centuries, while the nine- 
teenth century witnessed the growth of infrastructure for astronomical work in the 
form of telescopic and spectroscopic observatories and the twentieth century a new 
breed of theoretical and observational astronomers making fundamental contribu- 
tions in optical, radio and x-ray astronomy These endeavours are outlined in the last 
two chapters One special feature of astronomical research in India throughout its 
long history has been the recognition of, and the emphasis on, its international char- 
acter leading to fruitful exchange of ideas with neighbouring civilizations. 


Jodhpur Park S. K. MUKHERJEE 

Calcutta 

11 October 1985. 




PREFACE 


Shortly after the publication in 1971 of A Concise History of Science m India, late 
Prof Ram Behari and one of us (S.N S ) submitted to the National Commission for 
the Compilation of History of Sciences in India a plan to bring out a History of 
Astronomy in India The plan was duly approved by the National Commission and the 
work initiated, but the progress was unavoidably halted mainly on account of the 
death of Prof Ram Behari In 1 981 , the plan was revived under the Chairmanship of 
Prof FC Auluck The original plan has been largely retained but it has been strength- 
ened by the addition of a chapter each on calendar and development of astronomy in 
India in the twentieth century 

In a collective effort of this nature involving several scholars scattered all over India it 
is not easy to strike the desired uniformity. We must, however, record here the excel- 
lent cooperation and understanding we have received from the contributors in the 
preparation of the chapters assigned to them Special mention may be made of late 
Prof R N Rai who died shortly after finishing his diagrams, he was unable to com- 
plete his notes and references We had, therefore, to be content with the manuscript 
as received from his son. 

The Colloquium on History of oriental Astronomy scheduled to be held in November 
in New Delhi under the auspices of the International Astronomical Union provided an 
incentive to hasten this publication We place on record our thanks to the Academy's 
Publication Office in Calcutta for sparing no pains to bring out the book on time 
before the Colloquium. We also thank Shrimati Sandhya Mitra of the Academy for 
preparing the index in addition to discharging the heavy responsibility of seeing the 
book through the press in such a short time Our thanks are specially due to Dr A K 
Bag of the National Commission for his help at various stages of the publication. 


Calcutta and Lucknow 


S. N Sen 
K S. Shukla 




PREFACE TO THE SECOND EDITION 


The History of Astronomy in India was published by the Academy in 1985 in which a 
large number of experts had contributed The volume became quite popular and quickly 
went out of print However, the edition was released hurriedly at the time of an 
International Seminar on History of Astronomy in Delhi and as such contained some 
unavoidable slips and errors In view of its growing demand, the Indian National Com- 
mission for History of Science felt that a revised edition be brought out with the help 
of original contributors after removing most of its shortcomings 

I am happy that the revised version of the volume is now ready It is noted with regret 
that the revision of a few papers has not been made possible, since a few original 
contributors to the volume have already expired. We also thought it advisable not to 
modify or revise these papers by other hands except small corrections The second 
edition therefore contains all the earlier papers, duly corrected and revised, wherever 
these have been made possible The Indian National Science Academy is deeply 
grateful to all individual authors and specially to Dr A K Ghakravarty and Dr. A. K 
Bag, for their scholarly contributions and editorial work for the volume 

I have no doubt that the second revised edition will also attract the attention of 
experts and scholars in the same manner as it did for the first edition 


M.V. S.VAUATHAN 

Vice Chairman, Indian National Commission for 
History of Science 
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A SURVEY OF SOURCE MATERIALS 


K V SARMA 


Fascinating phenomenon in nature like the brilliant sky studded with stars, the charm 
of the rising and setting Sun, the waxing and waning phases of the Moon, the periodi- 
cal changes in the seasons and the like should obviously have excited the curiosity of 
early man The origins of astronomy in India, as elsewhere in the world, have to be 
traced to the inquisitive interest which such phenomena excited in him and urged him 
to investigate the how and why thereof The evolution of astronomical acumen, natu- 
rally enough, passed through several stages, including the feeling of wonder, mystery, 
continued observation, religious speculation, cosmic interpretation, scientific enquiry, 
derivation of rules for computation and development as a discipline 

The present survey of source materials on Indian astronomy is intended to indicate, 
in a chronological manner, the primary and secondary sources bearing on the devel- 
opment of the science of astronomy in India from the earliest times Astronomy, 
unlike certain other disciplines like architecture and metallurgy, is more a science of 
observation and computation and therefore the main source of information on its 
history have to be sought for in recorded literature, traditional practices, instruments 
and observatories, the last two relating to medieval and post-medieval periods 

ARCHAEOLOGICAL SOURCES 

Large-scale excavations in the different regions of the Indian sub-continent, espe- 
cially in the north-western region, during the last one hundred years, have unearthed 
substantial archaeological materials right from the Early Stone Age through the Mid- 
dle and Late Stone Age to historical times In the Mediterranean world neolithic cul- 
ture, wherein sharp stone implements were used, and the chalcolithic culture, wherein 
copper and bronze implements had come into vogue, are clearly distinguished In 
India, however, the two are often found to co-exist This aspect was first identified in 
the excavations at Mohenjo-daro and Harappa on the Indus basin, for which reason 
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that culture was called Indus Valley Civilization. Later excavations proved the exist- 
ence of this culture in places far removed from the Indus basin, extending to the 
entire north-west of India and part of Pakistan The area included Cutch, Saurashtra 
and Gujarat in the south, Sind and Baluchistan in the west, East Panjab in Pakistan 
and Panjab and western U P in India, in the north, and northern Rajasthan in the east 
covering in all about 80,000 square miles A series of excavations at Harappa have 
determined the norms of the civilization that existed in the area, for which reason it is 
generally given the appellation Harappan Culture With this culture as the basis, the 
archaeological finds at Mohenjo-daro (Sind), Kot Diji (Sind), Kalibangan (Rajasthan), 
Lothal (Gujarat) and nearly 70 other sites, at different levels, are generally classified 
as Harappan, pre-Harappan and post-Harappan Many of the finds have been sub- 
jected to Carbon-14 tests which have given dates ranging from 2300 to 2000 B C 1 
Since recent researches have shown that radio carbon dates tend to be lower beyonu 
1000 B.C , the date of the pre-Harappan culture might have to be shifted to a few 
centuries earlier, to about 2500 B C or earlier 

Apart from extensive material including different types of pottery, stone and metal 
implements, faience, glass and beads, the above excavations have unearthed mas- 
sive remains of towns and fortifications and nearly 3000 inscriptions and figures on 
terracotta seals 2 Since during the early days of the evolution of astronomy observa- 
tions would have been restricted to simple contrivances, besides the human eye any 
substantial remains could not be expected from archaeological sources. It is in the 
orientation indicated by the remains of constructions and interpretation of select seals 
that one could look for any remains of astronomical importance 3 However, more 
important and informative than the archaeological sources are the astronomical tra- 
ditions of the earliest times recorded and preserved in Vedic literature the early strata 
of which go further back than the excavated remains indicated above. 


VEDIC LITERATURE 


Nature of the Vedic corpus 

The extensive Vedic literature spread over nearly 300 basic texts, forms, amongst 
other things, the primary source of information about the earliest stages of astro- 
nomical knowledge in India A grand monument of the hoary past of the land, the 
Vedas have come down in a continuous and unbroken tradition, much better pre- 
served than the religious literature of any other civilization. While most other religious 
canons have been composed at some specific period by an individual or a school, the 
Vedas are said to be revealed to 'Seers' of different ages, and handed down intact 
from generation to generation by oral transmission. This literature is amenable to be 
divided broadly, by contents and chronology, into four, viz the Sanihitas, Brahmanas, 
Aranyakas- Upamsads andVedangas 
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The Samhitas 

The Samhitas are collections of hymns, prayers, invocations, charms, sacrificial for- 
mulae and the like selected from a vast mass of floating material and arranged and 
classified according to content, utility or some other consideration. For each hymn or 
prayer so included, such documentation as its 'seer', the deity invoked, the metre and 
the purpose are also indicated. There are four Samhitas, viz. the Rgveda or 'Book of 
Devotional Verse', the Yajurveda or 'Book of Sacrificial Formulae', th eSamaveda or 
the ‘Book of Psalms' and the Atharvaveda or the 'Book of Mystico-therapeutic 
Priestcraft It is to be noted that the pieces contained in these 'collections' are very 
much older than the time of their codification into the four Samhitas, having been 
composed at different periods of time and having been current by oral tradition when 
the pieces were selected and arranged in a definitive order. 

The Rgveda is the oldest and the most important of the Samhitas It comprises of 
1 0,462 verses in 1 028 hymns classified into 1 0 mandalas according to the subject or 
the seer-families of the hymns. The Yajurveda is current in two traditions. The &ukla 
('White'), available in two recensions, is entirely in verse, divided into 40 chapters, 
and the Krsna ('Black'), current in four recensions, contains a large number of theo- 
logical and other discussions and explanations in prose, interspersed with verses 
Th eSamaveda, comprises of about 2000 verses, of which 1875 have been taken out 
of the Rgveda and the rest from elsewhere. It is arranged into four sections and set to 
music for being sung during sacrifices. The Atharvaveda, current in two recensions, 
contains about 6000 verses, put under 731 hymns, arranged into 20 sections. A sev- 
enth of the hymns of theAtharvaveda are common to those of theRgveda and the work 
is nearly as important in the matter of antiquity and contents as the Rgveda itself. 

The Brahmanas 

Next in order are the several Brahmana texts allied to each of the Vedic Sarphitas 
and dealing mainly with the sacrificial rites, the ritualistic application of select pas- 
sages from the relevant Veda and the speculation of the ideas underlying them. The 
important Brahmana texts are the Aitareya and &ankhayana related to the Rgveda, 
th e&atapatha of the Sukla-Yajurveda, Taittiriya of the Krsna-Ycyurveda and Gopatha 
of the Atharvaveda. The Brahmanas are important for an understanding of the so- 
cial, mythological and scientific thought-currents prevalent during the Vedic age. 

The Aranyakas-Upanisads 

The Arany aka texts allied to the different Samhitas are concerned with the exposition 
of the symbolical significance of sacrificial ceremonies, and the Upanisads concern 
themselves with philosophical speculations and the expositions of the ways and means 
for the attainment of the highest values of life. Of the Aranyaka, the Aitareya and 
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Sankhayana are related to the Rgveda and the Taittmya to the Krsna-Yajurveda 
About 250 Upani§ads are current, but only about a score of them belong to the Vedic 
age, the rest being later, aligning themselves to different schools of philosophy and 
later religious cults. There is not much information of astronomical significance in the 
Aranyakas and Upanisads 

The Vedangas (. Ancillary Vedic texts) 

While the Vedic Samhitas set out the basic hymns and the Bmhmanas the sacrifices 
in which they are used, another set of texts called the Vedangas helped in a proper 
understanding, interpretation and application of the hymns Of the six Vedangas, 
&iksa concerned itself with phonetics, Vyakarana with grammar, Chandas with me- 
tre, Nirukta with etymology, Kalpa with the performances of rituals and Jyotisa with 
astronomy Two of the six Vedangas are of significance to the history of astronomy 
First, Kalpa, which consists of practical manuals on the performance of Vedic sacri- 
fices and household rituals, contain sections called Sulba-sutras which, among other 
things, mention methods of orientation and make use of geometry, irrational numbers 
and other mathematical ideas in the construction of sacrificial altars. The other is the 
Vedanga Jyotisa, 'ancillary Vedic astronomy', of which three texts are available, re- 
lated respectively, to the Rgveda, Yajurveda and the Atharvaveda. The first two, 
containing respectively 36 and 43 verses, are ascribed to the same author Lagadha 
Their basic content is almost the same, the latter having some additional matter, and 
form manuals for computing the civil calendar and proper times for the performance 
of rituals. The work locates the summer solstice in the middle of the constellation 
Aslesa and the winter solstice at the beginning of Dhamstha. Calculating backwards 
from the present position of the solstices, this would give a date c. 1340 B.C. The 
Atharva Jyotisa, which is in the form of a dialogue between Pitamaha and sage Kalyapa, 
in 162 verses, is astrological in content. Mention might be made here also of another 
work related to the Atharvaveda, viz. the Naksatra-kalpa, which enumerates 28 
constellations from Krittika, indicates their presiding deities, their groupings accord- 
ing to the part of the day and the directions and rituals pertaining to them; the work is 
thus astrological in content. 

Nature of the astronomical content m Vedic texts 

Though the vedic poets did not compose the hymns for setting out scientific informa- 
tion, these extensive texts contain pertinent indication of the concepts and practices 
relating to the astronomy of the times Especially significant in this regard are the 
cosmological hymns of the Rgveda and the Atharvaveda. Moreover, the recording, 
in some of the hymns, of celestial observations enables one to compute back, within 
margins, the date of composition of those hymns. 
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The lunar year was followed and the moon was called masa-krt 'maker of months.’ 4 A 
full cycle of seasons delimited the year and the beginning of the year was ascertained 
by the proximity of a bright star to the full moon which is clearly visible to the naked 
eye. Such stars recorded in different hymns of the Rgveda as the harbingers of au- 
tumn or the autumnal equinox are Aditi (Punarvasu, Pollux, long. 1 1 3°), Daksa (Abhijit, 
Vega, long. 284°), Rudra (Ardra, Betelgeuse, long. 88°) and Rohinl (Aldebaran, 
long.69°) This change has obviously been the result of the precession of the equi- 
noxes. Calculating at the rate of 72 years per degree, with due allowance for error, 
the periods referred to should, respectively, be c 6200 B.C 5400 B.C., 4350 B C and 
3070 B C. which should be the dates when the respective hymns were composed A 
process of intercalation had also been in vogue for the correlation of the lunar year 
with the year of the seasons. 5 

The Rgvedic hymn 1 .164, on the cosmic times- wheel by sage Dlrghatamas, speaks of 
a wheel of time, with a year consisting of twelve lunar months and 360 lunar days (RV 
1 164.1) and starts the year with the autumn star Agni (Krttika, Alcyone, long. 59°.5) 
which on calculation gives a date c 2350 B C. In another Rgvedic hymn 3.99, which 
also mentions Krttika as the autumn star (c. 2350 B C.), sage Visvamitra worships 
3339 (371 x9) devas and apparently refers to a period of 30 years consisting of 371 
lunar months. This would give an year of 371 lunar days, working out to 365.19 solar 
days. 8 Incidentally, it may be noted that in the above-cited hymns (RV 1.164 and 
3.99), the numbers used (12, 360; 371 , 3339. 33 and 1 1 ) have been expressed in the 
decimal system. Attention might also be drawn to the Yajurveda 7 enumerating multi- 
ples of 10 upto thirteen digits with specific names for each. 8 

While some of the stars are mentioned in the Rgvedd, the Yajurveda and the 
Atharvaveda give the full list of the 27 (or 28) stars commencing from Krttika. A fair 
knowledge of calendrical science is apparent in the full treatment of gavam ayana 
and other sacrifices of different durations based on the daily progress of the Sun. The 
equinoxes and solstices were determined accurately. 8 The twelve lunar months are 
named and so also the intercalary months. For ritualistic purposes the day-time had 
severally been divided into two, three, four, five and fifteen equal parts, each division 
having a different nomenclature. Of the five planets mentioned, only Jupiter (Brhaspati) 
and Venus (Vena) are referred to by name. 10 , 11 The solar eclipse is described as the 
occulation of the Sun by Svarbhanu (Rihu). R C. Sen Gupta has determined the date 
of a total eclipse of the sun described in the Rgveda (5.40-4-9) as 3928 B.C. 12 It is 
interesting to note that the Taittirlya Brahmana (3.10.9) extols naksatra-vidya ('sci- 
ence of stars') and mentions a hierarchy of scholars who cultivated the science. 13 
Professional astronomers were termed nak?atra-dar§a 'star-gazer 114 andganaka 'cal- 
culator.' 15 
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JAINA LITERATURE 


Canonical Literature 

The Jains displayed extensive literary activity from early times and their canonical 
literature contain information on a wide range of subjects, religious, philosophical, 
social and scientific. The original texts, termed Purvas, are said to have been lost and 
the Svetambara sect of Jains had them recast later in the Ardha-MagadhI Prakrt from 
existing fragments and oral tradition Their basic canonical texts number 45 (or 50), 
besides a large number of subsidiary texts The basic texts are classified as Angus, 
Upahgas, Prakirnakas, Chedasutras and Mulasutras. 

The Angas are twelve in number and deal with doctrinal matter, rituals, legends and 
the like. They are the Acaran^a, Sutrakrtanga, Sthananga, Samavaydhga, Bhugavati - 
Vyakhyaprajnapti, Jhdtrdharmakathd, Upasakadasa, Antakrddasa, Anutturn- 
aupapatikada&d, Pra&na-vyakarana, VipakaSutra and Drstivada. Of these, Sthananga 
and Bhagavatisutra contain information on mathematics and astronomy. 

There are twelve Upangas corresponding to the Arigas, but not directly related to 
them. These are : Aupapatika , Rajaprasniya, Jivajivabhigarna, Prajhdpand, 
Suryaprajnapti, Jambudvipaprajnapti, Candraprajnapti, Nirnayavali , 
Kalpavatamsika, Puspikd, Puspaculika and Vrsnidasdh. Among these, Jaina cos- 
mogony is dealt with in Jivajivabhigarna and Jambudvipaprajnapti and details of 
Jaina astronomy are to be found in Suryaprajnapti and Candraprajnapti, and also in 
Jambudvipaprajnapti 

The third set of texts called Prakirnakas, 'Miscellaneous texts', are ten in number, 
and, like the PanSistas (ancillary texts) of the Vedas, treat of numerous matters re- 
lated to the canon. One of these texts, the Tandulavaitalika contains, among other 
things, measures of length and of time. 

There are nine Chedasutras which deal with the rules of conduct and life of monks 
and nuns, monastic junsprudence and edificatory legends. 

Extensive and highly important from the point of contents are the four Mulasutras, viz. 
Uttaradhyayana , Avasyaka, Daiavaikalika and Pmda-mryukti, of Which the first 
one contains occasional passages relating to mathematics and astronomy. 

Two individual texts called CulikasUtras of an encyclopaedic nature, the NandisUtra 
andAnuyogadvarasutra, sometimes included in \bePrakimakas, make up the^vetambara 
canon. These texts deal with numerous topics, including topics on astronomy and 
mathematics, which a Jaina monk was supposed to know. 
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Chronology of the Jaina canon 

Jama tradition holds that the canon taught by Mahavlra Jina was dutifully handed 
down for six generations and, when it tended to lapse into oblivion, a Council was 
called at Pataliputra when the 12 Angas were resuscitated When it was again thrown 
into disorder, another Council was held at Valabhi in the 6th century A D and it was 
again reconstructed Detailed analysis of the contents and language of the canon as 
it exists would show that the most ancient portions took shape during the third and 
fourth century B C 

The Jaina canonical texts are highly repetitive and numerous passages are common 
to different texts. The several topics dealt with in the Jama canon were later classified 
by Aryaraksita (by Samantabhadra according to some) and arranged into four collec- 
tions entitled Carananuyoga, Dharmakathanuyoga (or Prathamanuyoga) , 
Gamtanuyoga (or Karananuyoga) and Dravyanuyoga Matters relating to astronomy, 
mathematics, geography and allied subjects have been collected in the Gamtanuyoga. 

The Jama canons speak of astronomy as an important branch of study and as an 
essential equipment for a Jama priest for computing the correct time for religious 
performances The Suryaprajhapti, Candraprajhapti and Jambudvipaprajhapti, give 
a full depiction of the astronomical concepts and practices of the Jams The first two 
texts are entirely devoted to the subject, while the third, which is an extensive work 
divided into seven sections, devotes its last section for astronomy , it also enumer- 
ates, in section two, forty-five divisions of time commencing from asahkhydta, being 
'inscrutable infinitisimal time', to Sirsaprahelika, which is equal to several crores of 
years The astronomical material contained in all these three works is almost the 
same in essence. 

Extensive expositions are also available for the above works For the Suryaprajhapti 
there is a commentary by the versatile Jama scholiast Malayagiri (c. 1 1 00-1 200 A.D.) 
and a Nirukti by Bhadrabahu, latter is known only through quotations Candraprajhapti 
too has been commented on by Malayagiri. Forth e Jambudvipaprajhapti, Malayagirfs 
commentary is known only through quotations, but a detailed commentary by 
Santicandra (1 6th cent A D.) is available. Padmanandi, an author of c. 1 000 A.D , has 
abridged the work in his Jambudvipaprajhapti-samgraha. 

Post-canonical Jaina Literature 

Post-canonical Jaina literature is very voluminous and encompasses all disciplines. A 
brief mention might be made here of the more important writings relating to as- 
tronomy. 

The Tattvarthadhigama-sutra of Umasvati (A D 185-219) contains a section on 
cosmology, which deals with astronomy as well. Commentaries on this work are avail- 
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able by Umasvati himself and by later scholars The TrilokaprajHapti by Yati-Vrsabha 
(between A.D. 473 and 609) is an encyclopaedic work in 7000 verses and, in its 
chapter seven, there is a long extract on astronomy. It is noteworthy that the treat- 
ment of the subject here exhibits considerable parallelisms in thought and expression 
with the Aryabhatiya , 16 Jyotisakaran4aka, possibly by an early author by name 
Padaliptacarya, is based on the Suryaprajnapti and contains the entire gamut of Jama 
astronomy. The work has been commented on by Malayagiri who quotes earlier com- 
mentaries also. The Karananuyoga or Gamtanuyoga of the Digambara sect of Jainas 
is again a compilation of astronomical and mathematical material scattered in the 
different Jaina texts, including Surya- and Candraprajhapti and Jayadhavala. 

Among later Jaina works on astronomy the undermentioned are noteworthy Jyotissara 
by Thakker Pheru (14th cent ) in 238 verses, divided into four chapters; DmaSuddhi 
by Ratnasekhara Suri (1 5th cent ) in 144 verses for computing the true Sun, Moon etc , 
Mandalaprakaraiyi by Vinayakusala in 99 verses, composed in A.D. 1 596, with an 
elaborate commentary : Jyotihprakara by Jnanabhusana (c A D. 1700) in seven sec- 
tions, and Candrarki by Dinakara (16th cent.) on the computation of true Sun and 
Moon and its commentary by Krpavijaya. 

A few works on astronomical instruments produced by Jama astronomers under Mus- 
lim inspiration are also known.These include Yantraraja by Mahendra Suri (A.D. 1 348) 
who was a courtier of Sultan Feroz Shah Tughlaq, and its commentary by Malayendu 
Suri, and Ustaralaya-yantra by Meghalaya (c. A.D. 1500), on the construction and 
use of astrolabes, with a commentary by the author himself. Among manuals on 
astronomy by Jaina authors, a mention might be made of Karanaraja, in ten sec- 
tions, of Mum Sundara (c. A.D. 1 600). A number of pancanga manuals for the compu- 
tation of the daily calendar are also known to be composed by later Jaina scholars. 

ASTRONOMICAL SIDDHANTAS 


Nature of the Siddhantas 

The few centuries immediately preceding and following the Christian era are of sig- 
nificance in the history of Indian astronomy inspite of the fact that practically no 
important work on astronomy of the times has come down to us intact but for the 
Jaina texts mentioned earlier. The reasons are not far to seek. This was a period 
when the Vedic age evolved into the classical age at the advent of Buddhism and 
Jainism and the direct contact with the Greek and the Romans The unorthodox bent 
of thought and new sources of knowledge should have had their impact upon the 
intellectual endeavours of the Vedic Indians, resulting in novel strides in all walks of 
life including the pursuit of science. In the discipline of astronomy this period wit- 
nessed the advent of a class of texts called siddhantas characterized by a better 
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scientific approach and more comprehensive treatment. The siddhanta astronomy 
adopted more sophisticated mathematics, incorporated the planets in the system, 
devised a system of coordinates for the determination of the periods of planetary 
revolutions and of the relative sizes of the Earth, the Sun and the Moon. The naksatra 
system was dispensed with and replaced by the twelve signs of the zodiac The mean 
longitudes were calculated from the number of days elapsed from the beginning of 
long periods of time called Kalpa or the Kaliyuga. The length of the year and day- 
lengths were correctly determined. Planetary positions were computed using eccen- 
trics and epicycles The eclipses were computed with greater accuracy by correcting 
the results for parallax. Computations were characterized also by geometrical, arith- 
metical and algebraic practices, some aspects of plane and spherical tngonometry, 
and the application of indeterminate equations. 

Early Siddhantas 

According to tradition, there existed 1 8 early siddhantas composed by Surya, Pitamaha, 
Vyasa, Vasistha, Atri, Parasara, Kasyapa, Narada, Garga, MarTci, Manu, Angiras, Lomasa, 
(Romaka), Paulisa, Cyavana, Yavana, Bhrgu and Saunaka Most of these have gone out 
of vogue and lost, but five are available in the form of summaries or, what is more 
likely, abstracts, in the Pahcasiddhantika. 16a of the prolific writer of astrology 
Varahamihira (d A.D 578), being \he siddhantas of Pitamaha, Vasistha, Paulina, Romaka 
and Surya Another later Suryasiddhanta is available and is much popular. The reason 
for the disappearance of the early siddhantas is to be sought in their supercession by 
\dXer siddhantas characterised by greater accuracy, easier methods of calculation and 
comprehensiveness The non-availability of the early siddhantas in their full and original 
form makes it difficult to reconstruct the development of the discipline dunng this 
period. 

Later Siddhantas 

The later siddhantas followed, in the main, the general pattern of the earlier 
siddh&ntas, but there was substantial development in the matters covered, the range 
of data used and the manner in which the subject was set out. For various reasons, 
the schools represented by the different siddhantas came to be popular in different 
parts of the country, where texts in extension, expositions, systems of computation, 
practical manuals (karanas), astronomical tables (kosthakas), descnption of instru- 
ments (yantras) and other miscellaneous writings, came to be composed, mainly in 
Sanskrit, but also in the different provincial languages. 

The Aryabhatlya of Aryabhata I (b. A.D. 476) is the earliest of the teter siddhantas. In 
121 verses, divided into four chapters, it sets out : Ch. I.The astronomical constants 
and the sine table; II. Mathematics required for computations; III. Division of time and 
rules for computing the longitudes of planets using eccentrics and epicycles; and IV. 
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The armillary sphere, rules relating to problems of trigonometry and the computation 
of eclipses. The Aryabhatiya started a new school of astronomy which grew popular 
in South India and threw up extensive literature, both expository and original 

The Aryabhatiya, the parameters and other astronomical elements of which consti- 
tuted Aryapaksa, had its epoch at sunrise at Lanka, at the commencement of the 
Kaliyuga, on Friday, 18 February 3102 B.C. Aryabhata wrote still another work, ap- 
parently entitled Aryabhatasiddhanta, which had its epoch at midnight 17/18 Febru- 
ary 3102 B C. and formed the basis for the Ardharatrikapaksa in Indian astronomy 
The text of this work is not available now, but is known through quotations and a 
summary of its tenets mentioned in later works 17 

The earliest available commentary on the Aryabhatiya is by Bhaskara I who wrote 
from Valabhi in Gujarat (A D. 629), but he names earlier exponents of the school like 
Latadeva and PandurangasvamT. Other scholiasts of theAryabhafiya include Somesvai a 
(1 1th-12th cent ), also from Gujarat, and several from South India, including Suiyadova 
Yajvan(b 1191), Paramesvara (c 1430), Yallaya (1480), NllakanthaSomayaji (b 1444), 
Raghunatha Raja (1597), ChatTgopa (c. 1800) and Bhutavisnu Bhaskara I wrote also 
two authoritative works on the system of Aryabhata, the Mahabhaskatiya and the 
Laghubhdskariya, in eight chapters each. These texts too have been elaborately 
commented upon, the former by Govindasvamin (c 800-850) with a super-commen- 
tary by Paramesvara, Suryadeva Yajvan, Paramesvara and i n Prayogaracand by an anony- 
mous author The Laghubhdskariya has been commented by Sankaranarayana (A.D. 
869), Udayadivakara (A D. 1 073) and Paramesvara 

The Brahma-sphuta-siddhanta of Brahmagupta (b. 598) exerted great influence in 
the astronomical thought of western and northern India as works based on it would 
show. In 1008 (or 1022) verses, divided into 24_(or 25) chapters, it expounds the 
Brahmapaksa and cnticises the Aryapaksa of Aryabhata. Chapter 1 1 and 22 are 
important for the reason that in the former he criticizes the views of some of his 
predecessors, including Aryabhata, Pradyumna, Latadeva, Varahamihira, Vijayanandin, 
Visnucandra's V5&i§tha-siddhanta, trlsena'sRomaka-siddhdnta, and the Jainas, and 
in the latter gives details of astronomical instruments. Prthudakasvamin (c. 860) wrote 
an erudite commentary on the work, in which he quotes an earlier commentary by 
Balabhadra. Other commentators of Brdhma-sphuta-siddhdnta are Amaraja, 
Bhattotpala, Lalla, Somesvara, SrTdatta and Varuna.ThlS siddhiinta was taken to Bagh- 
dad where it was translated into Arabic under the title, Al-Zij-al-Smdhind in A.D. 771 
or 773 by Muhammad ibn Ibrahim al-FazirT. 18 

A 'Later PaulUa-siddhanta ' , which adopts the parameters of the Ardharatrikapaksa 
but makes major improvisations otherwise is known from citations occurring in the 
works of Prthudakasvamin, Bhattotpala, Amaraja and Al-BlrOnT. 19 
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Tie & isyadhivrddhida-tantra of Lalla (8th-9th cent ) in 12 chapters, is based on the 
\rdharatnkapaksa of Aryabhata, but incorporates 6ya-corrections and makes cer- 
ain improvisations from the Brdhmasphuta-siddhdnta. It contains an informative 
chapter on astronomical instruments and has been commented upon by Bhaskara II 
b. 1 114) and by Mallikarjuna Suri (12th cent ). 

Tie Later Surya-siddhdnta, a comprehensive work in 14 chapters, has been highly 
'opular throughout India It adopts the Ardharatrikapaksa but makes modifications, 
unong its large number of commentaries might be mentioned those of Maliikirjuna Suri 
12th cent.), inTelugu and Sanskrit, CandeSvara (12th cent.), Madanapala (14th cent ), 
'aramesvara (1432), Yailaya (1472), Ramakrsna Aradhya (1472), Bhudhara (1572), 
'amma Yajvan (1599), Ranganatha (1603), Nrsimha (1611), ViSvanatha (1628), 
lamalakara (17th cent.) and Dadabhai 20 (18th cent.). 

'he Vateivara-siddhanta by Vatesvara (A.D. 904) follows the Aryapaksa and 
i aurapaksa and gives a thorough treatment of astronomy in three sections A point 
>f interest in the work is that, as an ardent admirer of Aryabhata, Vatesvara vehe- 
nently criticizes Brahmagupta and refutes his views in ch. 10 of Sn. 1 of the work 

rlpati's Siddhanta§ekhara (A D 999), which, in 20 chapters, follows the Brahmapaksa 
s important in that it gives rules for determining the moon's second inequality and 
svection. An incomplete commentary on the work by Makkibhatta is available in print. 

'he Siddhanta-Siromam (A D 1150) of Bhaskara II, who hailed from the Karnataka 
egion, is by far the most comprehensive siddhdnta work in Indian astronomy. It is 
>ased on the Brahmapaksa. The work is on four parts : I. Lilavati on arithmetic, II 
lijagamta on algebra, and III. Gamtadhyaya and IV. Golddhyaya, on astronomy. The 
spicyde-eccentric theories are fully developed to account for planetary motions. The 
section on astronomical instruments is also more full than earlier treatises. The four 
sarts of the work have also been studied independent of each other. All these have 
seen supplied elucidative glosses called Vasand-bhd§ya by the author himself. About 
50 other commentaries are known for the Lilavati, and the other parts also have 
ieen commented upon by several scholiasts. The more important commentaries on 
Janitadhyaya and Golddhyaya, which form the astronomical components of the work, 
ire by Laksmldasa (A.D 1501), GaneSa Daivajna (17th cent), Nrsimha (1621) and 
vlunTsvara (17th cent ). 

n his short work Siddhanta-darpana, Nllakantha Somayaji (b. 1444) sets ouf the 
astronomical constants according to Aryapaksa as corrected by him and also the 
situation of the armillary sphere. He has also commented on this work m detail. His 
Tantrasamgraha in 432 verses, divided into eight chapters, however gives a full treat- 
nent of the subject 
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A few siddhantas, apocryphal in nature, are available in print They are Vrddha- 
vasistha-siddhanta in 13 chapters dealing with all topics of astronomy, Vdsistha- 
siddkanta, in 95 verses divided into five chapters, Somasiddhanta, a comprehen- 
sive work in ten chapters and Brahmasiddhanta, in 764 verses divided into six chap- 
ters which claims to be part ol Sakalyasamhita There is also a Vyasasiddhanta, in 
three sections entitled Bhuuanakosa, Kaksadhyaya and Goladhyaya, which claims to 
be part of Vyasasmrti. 

Mention might be made here of a late siddhanta work entitled Siddhanta-s undara 
by Jninaraja who wrote from Parthapura on the Godavari in A D 1503. The author 
claims that Brahma, Surya, Soma, Vasistha and Pulastya agree with his Saurapaksa 
parameters It is again to be noted that by Brahma he refers to th e Brahma-siddhanta 
of the Sakalyasamhita noticed above The work has a commentary by the author's 
son Cintamani (c. 1 530). 

Karanas 

Astronomical computations based on kalpas and yugas involving large numbers be- 
ing cumbersome, a genre of practical manuals called karanas arose and was de- 
signed to lighten the work of calculations and produce quick and more accurate re- 
sults A contemporary date at the sun-nse of which there occurred a conjunction of 
the Moon and its higher apsis, was chosen as the epoch 2 ' and the longitudes of the 
other planets were determined accurately for this moment to be used as zero correc- 
tions Computations were then made with this epoch as the basis. Usually, bija cor- 
rections were also applied to the parameters. 

The recensions of the Paulisa- and Romdkasiddhantas of Latadeva (6th cent ), a 
pupil of Aryabhata, redacted in the Pancasiddhantika of Varahamihira (d 587) are the 
earliest ktrana texts in Indian astronomy. The Surya-siddhanta of the 
Pancasiddhantika is also akarana text, and according toAl-Blrunl this is also a work 
of Latadeva. The epoch of ail these karanas is 21 March, 505. It is interesting to note 
that Chapter 4 of his Pancasiddhantika dealing with spherical trigonometry is called 
karanadhyaya. Obviously, at that time, the term karana meant only ’astronomical 

calculations' and siddhantas included also karanas. 

\ 

The fOiandakhadyaka of Brahmagupta, of epoch 23 March 665, bases itself on the 
Ardharatrikapaksa of Aryabhata I.The different astronomical topics are dealt with in 
nine chapters which form Pt. I of the work. In Pt. II corrections are given to the 
parameters of Part I, changing them to Brahmapaksa, The work had been extremely 
popular in the whole of North India. It has been commented upon by PrthudakasvSmin 
(A.D. 864), Bhattotpala (966), Amaraja (c. 1200), Yamaha, Varuna and Sridatta. A 
Khandakhadyakasarani is also known. 
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Laghuminasa of Manjula (10th cent ) is a karana in six chapters using the elements 
both of the Aryapaksa and the Ardharatrikapaksa and mentions of the second in- 
equality in lunar motion. The work has been commented by Praiastadhara of Kashmir 
(A D 958), Suryadeva Yajvan of the Cola country (1 248), Paramesvara (1409) of Kerala 
and Yallaya (1482) from the Telugu country. Manjula had composed also a 
Brhanmanasa, which is lost and is known only from quotations which give its epoch 
as 9 March 932; the epoch of the Laghumanasa is likely to be the same 

Rajamrganka of king Bhoja of Dhara, whose epoch is 21 February 1042, is not avail- 
able in its original form, but only in three incomplete versions, of which one version by 
Rama is available in pnnt. 

The Karanaprakasa of Brahmadeva is based on theAo'opa&sa, and has its epoch on 
1 1 March 1092. This karana has been a popular work in south and west India and 
has commentaries on it by Damodara, Amaresa, Govinda, Srinivasa Yajvan and 
Sampatkumara Commentator Damodara has composed, on his own, two karana texts, 
Aryatulya in 1417, based on Aryapaksa, and a Suryatulya based on the Surya- 
siddhanta. 

The Bhasvati of Satananda of Puri, in 8 sections, is a popular .karana based on the 
Surya-siddhanta of Varahamihirab Pancasiddhantika It follows the 
Ardharatrikapaksa and has been commented on by nearly 25 scholiasts. 

Bhaskara II has written also an erudite Karanakutuhala, called also Grahdgama- 
kutuhala and Brahmatulya. This work has been very popular in the west and north- 
west of India. It has its epoch on 23 February 1 1 83 and follows the Brahmapaksa Of 
its several commentaries the more important are those by Ekanatha (1370), by 
Padmanabha (c 1400), by Visvanatha (1612) and by the Jaina astronomer 
Sumatiharsagani (1621). There is also a set of planetary tables based on this work, 
called Brahmatulyasarani. 

The Grahalaghava or Siddhanta-rahasya of the prolific astronomer Ganesa Daivajna 
in 16 chapters, of epoch 18 March 1520, is a very popular Parana commented upon 
by the author himself and by a host of scholiasts. Several planetary tables based on 
Grahalaghava are also known. 

Ramavinoda by Rama, a courtier of Akbar, belongs to the Saurapaksa and has 11 
March 1590 for its epoch.The author himself prepared a kosthaka for the work, while 
there is a commentary on it by ViSvanatha (1602). Still another karana following the 
same paksa is the Suryapaksaiarana or Khacaragama of Visnu, having the epoch 7 
March 1608, on which ViSvanatha wrote a commentary in 1612. 
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Kosthaka or Saranis 

Alongside these karaijas from about the 10th cent , a genre of ancillary tables called 
kosphakas or sarariis came into vogue, in which were charted in columns, the plan- 
etary positions, cusps of the astrological places or other calendrical functions like 
tithis, naksatras, yogas etc Since these tables were extremely handy for almanac- 
makers, a very large number ofkosthakas or saranis came to be produced, based on 
different karanas. In some cases the authors of th ekaranas themselves prepared the 
saranis Every almanac-maker, priest and astrologer had to have his own copy of a 
sarani, with the result that a very large number of manuscripts of this type of works is 
known 22 

Diverse texts from Kerala 23 

Astronomical thought in South India, especially in Kerala, developed, from early times, 
certain features varying from the traditions in the rest of India, For this reason, it 
would be advantageous to assess, under a separate heading, contributions of this 
region in the said aspects. It might be noted at the outset that Kerala had been a 
strong bastion of the Aryabhatan school of astronomy from early times Numerals in 
Keralite works are expressed in the katapayadi notation, and, while the language of 
most of these works is Sanskrit, their commentaries are mostly in the local Malayalam 
language. 

I. Parahita andDrk Systems of Computation 

Tradition has it that astronomers of Kerala gathered atTirunavay on the Arabian coast, 
in A.D 683 and formally inaugurated the Parahita system of astronomical computa- 
tion with emendations to Aryabhatan elements which had till then been followed in the 
land. The Grahacdrambandhana and Mahamargambandhana of Haridatta formed 
the basic texts of the system. Several centuries later, when results denved from 
Parahita were found not to tally with observation, Paramesvara (1360-1455) enunci- 
ated in 1431 his Drk system of computation through his Drgganita. While these two 
basic texts provided only the basic elements and rules, in their wake, a large volume 
of kararia literature, treating in detail some or all the topics of astronomy, and intro- 
ducing further changes, novel methodologies and the like, came to be produced. 
Shortly after Haridatta, but apparently unconnected with his work, Devacarya wrote in 
A.D. 689 his Karanyxratna, a full-fledged karana, dealing, in eight chapters, with all 
the major topics of practical astronomy, including the determination of the longitudes 
of the Sun, Moon and planets, the eclipses, gnomon shadow, rising of the Moon, 
heliacal visibility and planetary conjunctions. Among later texts might be mentioned 
the VS kyakarana (c. 1300) to be noticed below, the Drkkararia in 10 chapters by 
Jyesthadeva (1 500-1 610), Karanasara by Sankara Viriyar (1 500-60) in 4 chs. with auto- 
commentary, KaranSmrta of Citrabhanu (1530), in 4 chs., having two commentaries, 
Karanottama of Acyuta Pis5rati (1550-1621) in 5 chs. with autocommentary, 
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Bhadradipaganita of Itakramaficeri Namputiri (17th cent ),Karanapaddhati of Putumana 
Somayaji (1660-1740), Jyotissastrasarn.gr aha and Samgrahasadhanakriya of 
Azvaficeri TamprakkaJ (18th cent), and Sadratnamala of Sankara Varman (1800-38) 
There are at legist eleven different texts with the common title Pahcabodha, some of 
them with commentaries, nine texts with the title Grahaganita, two texts with the title 
Knyasamgraha, a dozen texts with the title Vyatipataganita and several other anony- 
mous texts, often with commentaries. 

n. Astronomical vakyas. 

The Parahita and Drk- based system make use of a large number of mnemonics 
couched in the form of words, phrases or short sentences ( vakyas ) which, when 
deciphered in terms of the katapayadi system of numeral notation, yield different 
astronomical tables. These uafcya-mnemonics relate to all sorts of astronomical ta- 
bles, to wit, the 248 daily longitudes of the Moon for 9 anomalistic months (well- 
known as the Candravdkyas of Vararuci), 3031 daily lunar longitudes for 1 1 0 anomalistic 
months, 2075 vakyas called Samudra-vakyas, Mandala-vakyas or Kujadipancagraha- 
mahavakyas for the five planets, 570 for Kuja, 528 for Budha, 231 for Guru, 165 for 
Bhrgu and 551 for Sam, the different sines of arc (zyas), deductive components to be 
used in computations and so on and so forth Some of the karana texts make profuse 
use of these mnemonic-i'o&yas. Following Haridatta's basic Parahita manual 
Grahacaranibandhana, the first known major text that makes use of this device is the 
Vdkya-karana (' Karana utilising vakyas') in five chapters, apocryophally attributed to 
Vararuci, but composed about A.D. 1300. The work has been commented upon in 
great detail by Sundararaja (c. 1 500) of Viprasadgrama nearTrichinopoiy inTamilnadu. 
The almanac-makes of the Tamil region of South India fully make use of the 
Vakyakarana for computing their almanacs, which, therefore, are known as Vdkya- 
pahcdhgas. 

ill. Tantra texts 

Alongside the karana texts, which were more in the nature of practical manuals, a 
genre of texts which aimed to be more comprehensive in the treatment of the topics, 
besides serving the purpose of the karanas, came to be produced These texts fol- 
lowed the Aryapaksa, retained the beginning of Kali, viz. 18 Feb., 3102 B C as the 
epoch and expressed numbers in thebhutasarrikhyd notation instead of the katapayadi 
notation of the karanas. To this genre belong he Varsika-tantra of Viddana, son of 
Mallaya, (before 1370), in 1 1 chapters, the Tantrasamgraha of the versatile astrono- 
mer Nllakantha Somayaji (b. 1444), Sphutanirnaya-Tantra of Acyuta Pifarati (1550- 
1621) and the Tantrasara of NSrayana of the Perumanam village in central Kerala 
The last has been commented in Malayalam, but for the second there are five com- 
mentaries including the elaborate Yuktidipikd of Sankara which takes pain to explain 
the rationale of the theories and the computations. 
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iv Venvaroha texts 

MSdhava of Sangamagrama near Cochin (c. 1 360-1 425), whose investigations into the 
value of jc and other trigonometrical functions, differentials in sines of arc etc are well 
known, has devised an ingenious method to determine, at intervals of 2 hours and 40 
minutes each, every day, the longitude of the Moon correct to the second, utilizing the 
cyclic nature of the 248 lunar vakyas equal to nine anomalistic months On a parallel- 
ism between this method and the knots in a bamboo tree, he called this the Venvaroha 
method For use in this computation, Madhava also refined the lunar vakyas correct to 
the second The Venvaroha method has been set out in two of his works, the 
Sphufacandrdpti and Venvaroha The ingenuity of this method appealed to other 
astronomers also and we have several works of the type, including a Drg 
venvarohakriya of epoch 1 695, and Putumana Somayaji's Venvdrohcistaka 

V. Planetary tables . 

Beside his work on the Moon, Madhava has worked on planetary motions as well and 
has determined the longitudes of the planets for long cycles of years and the results 
have been set out in the form of tables in his Agamta-grahacdra. Two other anony- 
mous works of a similar nature are also known, both under the common name 
Grdhacara, one of them for the years 1 845-55. 

vi .Eclipses : 

Investigations on accurate computation of eclipses had the greatest appeal to Kerala 
astronomers, perhaps, next only to the computation of the planets This is exemplified 
also by the series of observations of eclipses made and recorded by astronomers like 
Paramesvara and NTlakantha. A large number of works on eclipse computation, short 
or long, some of them improvising new or revised elements and methodologies, are 
known. Among these might be mentioned The Grahanastaka and Grdhanamandana 
(epoch 15 July 1411) of Paramesvara, Grahananirnaya of NTlakantha (b. 1444), an 
Uparagakriyakrama based on NTlakantha's work, another Uparagakriyakrama by 
Narayana (1561), Uparagavimtati and Uparagakriyakrama by Acyuta Pisarati (1550- 
1621), and Grahanaganita and Grahanastaka by Putumana Somay5ji (1660-1 740). A 
number of anonymous works on the subject are known . Two short texts under the 
name Grahanastaka lll-IV, another under the title Upardgastaka (epoch 1563), a 
GrahanopadeSa, three texts under the general title Grahana.digaij.ita and then under 
the title Grahanagarjita. Some of these texts have also commentaries, mostly in 
Malayalam 

vil. Computation of the Shadow : 

Still another genre of texts relate- to the computation of the Moon's shadow towards 
determining the time and therefrom planetary positions. Of this genre of works, the 
undermentioned are important : Candracchayagaijita I of ParameSvara, 
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Candracchayagaij,ita II with a detailed commentary by Nllakantha, two more 
Candracchdyaganitas (lll-IV), which remain anonymous, and Chaydstaka of Acyuta 
Pisarati Other works on the subject, all anonymous, are Candracchaydnayanopdya, 
four different tracts of the title Chaydganita, Suryacandracchayagamta and two works 
called Suryacchayadigamta 

vm Astronomical rationale 

One of the major hurdles in the study of the history of Indian astronomy lies in the 
tendency of the early scientists to record the results only of their findings and fail to 
record, similarly, the steps that led to those results. Apart from this tendency, it was 
necessiated also by the fact that the results had to be recorded in as succinct a 
manner as possible, in the form of aphorisms or verses An understanding of the 
mental working of the scientists is thus lost to posterity. This defect has been rem- 
edied to a great extent, so far as mathematics and astronomy are concerned, through 
a class of writings called Yukti-s ('rationale'). Many of these are short anonymous 
tracts dealing with individual items, processes or formulae and are found written on 
flyleaves or ends of manuscripts of astronomical works From among full-fledged 
works of this class might be mentioned the Lagnaprdkarana of Madhava (1 360-1 425) 
on the computation of the ascendent, the Grahananyayadipika of Paramesvara on 
eclipse computation, Yuktibhasa of Jyesthadeva, (1500-1610), an extensive work in 
two parts, depicting the rationales of arithmetic, algebra, geometry and trigonometry 
in the first part and of astronomy in the second, Rdsigolasphutaniti , according to 
Acyuta Pisarati, giving the rationale, at length, for measuring planetary longitudes on 
the ecliptic, and Nyayaratna of Putumana Somayaji. A fairly long tract explains the 
rationale of the Aryabhatan verses Kaksyapratimandala etc {Abh Kala 17-21). A 
number of minor tracts on astronomical rationale have been put together in a collec- 
tion called Gamtayuktaya. Among commentaries which afford expository rationale 
might be mentioned, the Yuktidipika on Nllakantha's Tantrasamgraha and 
Knyakramakari on Bhaskara's Lilavati, both by Sankara (1 500-60), and Acyuta Pisarati's 
commentary on his own Karanottama. 

IX Observation and Experimentation • 

A unique work in Indian astronomy is the Jyotirmimdmsd of Nllakantha, written in 
1504, wherein he stresses the importance of astronomical observation, defends the 
necessity of correcting parameters periodically on the basis of observations of eclipses, 
the Sun, Moon and the planets, comparing the elements of different schools etc. 
Perhaps, more important is his Grahapariksakrama wherein he demonstrates some 
of the astronomical methods 

Yantras , Astronomical Instruments 

Saiikaranarayana (A.D 869), court astronomer of King Ravi Varma of Kerala, refers in 
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his Laghubhaskariya-vyakhya (3 20) to an observatory in the capital city, fitted with 
astronomical instruments, but gives no description thereof While the gnomon ( sanku ), 
nadika (water clock) etc. find mention in the Sulbasutras and the Jaina texts, a 
sustained descnption of astronomical instruments occurs, possibly, for the first time 
in the Aryabhatasiddhanta of Aryabhata I (476) This work Of Aryabhata which sets 
out his Ardharatrikapaksa is not available, but extracts from it are preserved in later 
works. Thus, Ramakrsna Aradhya (A.D 1472), while commenting on the Yantradhydya 
of the Surya-siddhanta (ch. 13) quotes 34 verses on astronomical instruments from 
the Aryabhatasiddhanta: 24 Some of these are quoted and explained also by other 
commentators on the Surya-siddhanta like Mallikarjuna Suri (A D 1178) on verse 
7.12, and Tamma Yajva (A.D. 1599) on vs. 13.20-25 25 ch 14 of Varahamihira's 
Pahcasiddhantika, in 29 verses, is devoted to the subject of astronomical instru- 
ments, observations etc. Other early and medieval texts which mention the use of or 
deal with astronomical instruments are : Mahabhaskariya ch. 3, esp. vs. 56-60 and 
Laghubhdskariya, ch. 3, of Bhaskara I (A.D. 629), ch 22 of Brahma-sphuta-siddhdnta 
of Brahmagupta (b. 598), ch. 21 of &isyadhivrddhida-tantra of Lalla (8th cent.), ch. 
13 of the Surya-siddhanta (c 800), Goladhyaya of VateSvara-siddhanta (904), ch. 
1 1 of Pt. 1 1 of the Siddhanta-iekhara of SrTpati (c. 1 050) and ch. 1 9 of the Siddhanta- 
Siromani of Bhaskara II (1 1 50). 

The works on astronomical instruments written later generally bear the impress of 
Central Asian astronomy brought to India by the Muslims, which will be noticed in the 
next section. There are, however, a few which treat only of Hindu instruments, mostly 
written in Gujarat or Rajasthan. Among these might be mentioned the following :The 
Yantraratnavali of Padmanabha (c. 1400), with a commentary by the author himself. 
The second chapter of this work, called Dhruvabhramanddhikara describes an in- 
strument for ascertaining the exact time at night from the position of the pole star 
Cakradhara, son of Varuna wrote a short work entitled Yantracmtamani, of which 
four commentaries are available, one by the author himself and the others by 
HariSankara, Paramasukha and Rama Daivajfia (1625). 28 The prolific GaneSa Daivajfia, 
son of KeSava Daivajfia of Nandigrama (1507), wrote a work on instruments, entitled 
CSbukayantra or Pratodayantra. An extensive work on the subject is the 
YantraprakdSa of Ramacandra with autocommentary, which describes as many as 27 
instruments, including a Kacaghatiyantra. The texts of this genre are short and a 
close reading of the commentaries is always necessary to get a full idea of the form, 
nature and use of the instruments of the Hindu period. 

ARABIC AND PERSIAN SOURCES 

While the peoples of India and Iran belonged to the same Aryan stock and their 
religion, literature and culture had close relationship from very early times, it was 
only from the eighth century that scientific exchanges between India and Central and 
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West Asia took positive shape due largely to the rise of Islam. The reign of the second 
Abbasid Caliph al-Mansur (A.D. 753-74) heralded an era when considerable Indian 
scientific literature, especially on medicine and mathematics including astronomy, 
were redacted into Arabic The services of indian scholars who had mastered Arabic 
helped in this exchange and among Arabic scholars, the names of Ibrlhlm al-Faaar? 
(d 796 or 806), Ya'qub ibn Tariq, al-Khwarizmi" (d. C.850), al-KindT (d c 873), Habash 
al-Hasib (d c.864 or 874) are noteworthy. Many of these Arabic translations are lost, 
but the details thereof are preserved in VneFihnst or 'Index' of Abu'l-Faraj Mahamhnad 
of Baghdad, better known as Abi Ya'qub an-Nadim (A D 988). Details about scholars 
of science and their contributions occur in Sn. II of the Fihnst. 


Al-Birum 

A potential source of information about Indian and Perso-Arabic literature on as- 
tronomy and allied discipline is the large quantum of writtings left by Abdu'I-Raihan al- 
Blrunl (973-1050), who accompanied Sultan Mahmud of Ghazni during his campaigns 
and stayed in north-west India for the best part of 1017-30. A versatile scholar of 
Persian and Arabic, and also of Sanskrit, al-Blrum, wrote 135 works, comprising of 
studies, collections and translations, of which as many as 27 pertain to Indian culture, 
philosophies and sciences. 27 His work entitled Kitab ft tahqiq ma lil-Hmd mm 
maqalatm maqbulatm fi'l-aql au mardhula ('Verification of what is said about India 
which is accepted or rejected by reason'), Ta'nq al-Hind, in short, translated into 
English under the title Al-Biruni's India by Edward Sachau, is well known for the 
comprehensive information it supplies on contemporary India. 28 Valuable information 
on Indian astronomy and mathematics is contained in his undermentioned works : 
Jawami al-Maujud li-Khawatir al-Hanud fi Hisdb al-Tanjim ('Collection of the ideas 
of the Indians on astronomical calculations'), 29 Al-jawabat 'an al-masd'il al-wajida 
min munajjim 'l-Hmd ('Replies to questions raised by Indian astronomers'), Al-QanUn 
al-Mas'udi (Book on astronomy). 30 It is worth noting that al-B!run! endeavoured to 
transmit to Western Asia the knowledge contained in Sanskrit astronomical texts 
through translations into Arabic or Persian. Such texts included Brahmagupta's 
Brahmasphuta-siddkanta and JDiandakhddyaka, Pauli&a-siddhanta, Varahamihira's 
Laghujataka and Brhatsamhita, and Karanatilaka of Vijayanandi. The worth of al- 
Blrunl's wnttings lies in the fact that apart from the intrinsic value of their contents, 
they provide new information, corroborative evidence and help in the identification 
and dating of authors, works and views 

Encyclopaedias 

Another authentic source of contemporary information is VneA'm-i-Akbari, the Impe- 
rial Gazetteer of the times of the Mughal emperor Akbar, prepared by his minister 
Abu'l-Fa^l (1 551 -1 602).The work carries details on a variety of subjects, including an 
account of Indian and Arabic astronomy. 
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The influx of scholars from the Middle East to India and the patronage extended to 
them by Muslim rulers, not only in Delhi but also in the provinces, resulted in the 
production of a number of encyclopaedic works containing, among other things, sub- 
stantial information of astronomy in its several aspects 31 Among them the following 
deserve mention for the wealth of details contained therein : Jawaharu’l-'Ulumi- 
Humayun composed by M. Fadil b.'Ali B.M. al-Misklnl al-Qadi SamarqandT of the court 
of the Mughal emperor Humayun in 1555, 32 ‘Uqul-i ‘Ashrah by M BararT UmmT b. 
JamshTd (A.D. 1673), 33 and Shahid-Sadiq by Sadiq B.M. S3hh al-lsfahanl al-Azadanl 
(A D. 1646), of the court of emperor Shahjehan 34 

Zij (. Astronomical Tables) 

The genre of astronomical tables indicating planetary positions, star charts and con- 
version tables with notes and explanations, on lines with the famous Zij-i Ulugh Beg 
and Zij-i Khaqam of Samarqand came to be produced, generally under state patron- 
age, 35 like Zij-i Ndsin (1 3th cent.) by Mahmud b. 'Umar dedicated to Sultan lltutmish 36 
(1246-65), Zij-i Jami' (1448-61) by Mahmud Shah Khalji 37 and Zij-i Shahjaharu ia by 
Faridu'd-din Mas'ud b. Hafiz Ibrahim Manajjm, court astronomer of emperor Shahjehan 
(1628-58). More important, however, is the highly elaborate Zlj-i Muhammad 
Shahi 39 (1727) prepared by Sawai Jai Singh, (1686-1743), dedicated to the Mughal 
emperor Muhammad Shah (1 71 9-48) Divided into three sections, the work gives for 
the transformation of four calendars, measurment of time in 19 chapters, and mo- 
tions of stars and planets and their position from a certain longitude, latitude etc. in 
five chapters That this work was later revised as Zij-i Jadid Muhammad Shdhi (New 
Astronomical tables of Muhammad Shahi) in four chapters would indicate how mat- 
ters were developed further It is interesting to note a Sanskrit version of this Zij had 
also been prepared for the use of Hindu astronomers. The Arabic and Persian Zljes 
studied and produced in India will be further discussed in chapter 2 

Mingling ofTraditions . 

In the wake of the introduction of Arabic and Persian astronomical tradition into India 
under state patronage, there afose an effort, on the part of Hindu astronomers, to 
produce translations, adaptations and books of a combined tradition, the combination 
taking mostly the form of mere addition, explanation of one through the other, or 
regular coalescence. Obviously, such activities too were encouraged andp^tjonized 
by the State. Such study, required bilingual dictionaries. Thus KrsiiadSsa, a prbtege of 
Akbar, compiled a Parasiprakaia in about 1575, containing a Persian-Sanskrit dic- 
tionary of astronomical terms and a grammar of Persian in Sanskrit. Since this was 
inadequate for translators, Malajit, who was honoured by Shahjehan with the title 
Vedangaraya, wrote another ParasiprakSSa in 1643, which gave classified lists of 
astronomical terms in Arabic and Persian with Sanskrit equivalents. Vrajabhujana, 
son of Raghunatha, wrote in 1 660 still another work of this nature entitled PSrasivinoda 
O rParasivmodananda. 
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In line with translating Sanskrit texts into Arabic and Persian by Al-Blrum and earlier 
in Baghdad, 40 there had also been sustained efforts to translate Arabic and Persian 
texts into Sanskrit These texts included those belonging to the school of Marigha and 
Samarqand, like the Zij of Ulugh Beg in Ji ca Ulugbegi, and al-Qushiji's Risalah dar 
hay'atmHayatagrantha. In this vein, under the patronage of Sawai Jai Singh, Jagannatha, 
Pandita produced Rekhagamta, being a rendering of Euclid's Elements of Geometry 
from its Arabic version Tahirir-u-Uqlidas by Naslr-ud-din at-TusI (1201) and 
Siddhdntasarakaustubha in 13 chapters, being a rendering of Ptolemy's Almagest 
from its Arabic version, also by Naslr-ud-dm. It is worth noting here that, as against 
what is presumed by scholars all along, Jagannatha's Samrat-siddhanta is really the 
title of an original work of the author, in five chapters, all along called Yantradhyaya, 
and printed in continuation of the first 13 chapters, and these 13 chapters alone form 
the translation of the Almagest under the title Siddhantasara-kaustubha * 1 
Nayanasukhopadhyaya produced, under Jai Singh’s inspiration, the Ukara, being a 
Sanskrit rendenng of the Greek work Sphaenca of Theodosius from its Arabic ren- 
dering by Qusta bin Luqa (912 A.D.). Nayanasukhopadhyaya translated into Sanskrit 
also another work Sharah-Tazkarah Barjandi S 2 

As instances of incorporating Western ideas into India might be cited the 
Siddhantasarvabhauma of Munis vara (b. 1 603), court astronomer of Shahjehan (1628- 
59), and Kamalakara who wrote the Siddhantattvaviveka in 1 658.These astronomers 
composed their works in the Hindu pattern, but used therein elements of Aristotelian 
physics, Euclidean geometry, Islamic trigonometry and Ptolemaic astronomy as found 
in Ulug Beg. Among works which tried to coalesce the twe traditions might be men- 
tioned the Siddhantasindhu (1628) and the Siddhdntaraja (1639) of Nityananda, 
astronomer in the court of Shahjehan, which adopted the Islamic parameters and the 
sayana year in computation These innovations, however, remained confined to intel- 
lectual expenmentations and did not permeate into general use among the people. 


ASTROLABES AND OBSERVATORIES 

With Arabic astronomy came the astrolabe (Arabic asturlab, Sanskritized into 
ustaralava), a handy and versatile metallic instrument, which, through the manipula- 
tion of graduated discs and circles and of a gnomon attached to it, enabled one to 
ascertain planetary positions, the time of the day and the like Being a complicated 
precision instrument, it used to be prepared by hereditary families of experts, with 
graduations and words inscribed in Persian script. As the instrument grew popular in 
the land, it began to be inscribed in Devanagari script as well. Short works in Sanskrit 
also came to be composed describing the construction and use of astrolabes. The 
earliest work on the astrolabe is the Yantraraja (1370) mentioned earlier, based on 
Arabic sources, by the Jaina Mahendrasuri, court astronomer of FerozeshahTughlaq, 
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in five chapters entitled Ganita, Ghatana, Yantraracana, Yantra&odhana and 
Vicarana, There are commentaries on the work by Malayendasuri and GopTrlja. 

Other works on the subject, of a later period, include those of Malayendu (with 
Cintamani's commentary) and by Mathuranatha and some anonymous But by far the 
most important is the Yantrarajaracana by the royal astronomer Sawai Jai Singh and 
its rendering into verse form by SrTnatha under the title Yantraprabha, over which its 
modern editor Kedaranatha has added his own commentary, Yantrarajaprabha A 
number of Indian astrolabes, of different types, combinations and functions, are pre- 
served in museums and other repositories 43 and await detailed study. 

The efforts of Raja Sawai Jai Singh of Jaipur (1686-1743) towards the fostenng of 
scientific observational practices with the combined use of Hindu, Muslim and Euro- 
pean advances in astronomy are a saga in itself in the history of Indian astronomy Jai 
Singh who collected texts of all the three traditions, studied them himself and com- 
posed works, invited scholars of all the traditions and induced them to prepare origi- 
nal works and translations. He also invented and caused to be constructed instru- 
ments for astronomical observations. A manuscript entitled Yantraprakara preserved 
in the Art Gallery as No. 31 of the Maharaja's Museum at Jaipur mentions the under- 
mentioned instruments as designed by Jai Singh with the caption : &n- 
Maharajadhiraja-viracita-yantrani : (1) Jayapraka§a-y antra, (2) 
Nadivalaya, (3) Krantivrtta, (4) Palabhay antra, (5) Digamiay antra, (6) 
&arayantra, (7) Agrayantra, (8) Yamyottaramiti, (9) Jatulahalaka, (10) 
Yantraraja (astrolabe, mentioned above), (1 1) Jatusukavataina, (12) 
Sudasphakari, (13) Jdtuiukataina , (14) Sankuyantra and (15) 
Pratira&inamKrantivrffini** The main features and methods of observation of some 
of these instruments have been indicated by Jagannatha in the first chapter of his 
Samratsiddhanta. 

Three instruments, viz. Jayaprakaiayantra, Ramayantra and Samraf-yantra are 
stated to have been invented by Jai Singh. Realising , by experience, that these 
metallic instruments suffered from limitations on account of their smallness, wear 
and tear, and the effect of weather, he constructed massive outdoor observatories, 
like those of Ulug Beg in Samarqand, in Delhi (1724), Jaipur (1734), Ujjain (1734), 
Varanasi (1737) and Mathura on the Yamuna. Massive models of several of the Instru- 
ments were also installed by him at these observations. 48 The contribution made by 
Jai Singh and that inspired by him form a potential source for the study of a special 
phase of the history of Indian astronomy. 
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2 DEVELOPMENT OF ZIJ LITERATURE IN INDIA 


S. A KHAN GHORI 


Islamic astronomy, or to be more precise, Graeco-Arabic astronomy in Medieval India 
had its origin in West-Central Asia whence it passed to this country. Valuable contn- 
butions were made to it by Arabic and Persian knowing scholars Hence in order to 
evaluate these contributions it is essential to know the nature, origin and development 
of this system, to ©(amine important zljes prepared in West-Central Asia and to un- 
derstand how they influenced the preparation of their counterparts in India. 

GRAECO-ARABIC ASTRONOMY 

1 . Nature of Graeco-Arabic Astronomy 

Graeco-Arabic astronomy is geocentric The earth, a tiny point in comparison with 
the vast dimensions of the universe is at its centre. The universe consists of thirteen 
concentric spheres, four terrestrial and the remaining nine celestial. 1 Of the latter 
each of the seven lower ones are made up of a number of components called eccen- 
trics and epicycles. 2 The eccentrics revolve with uniform circular velocity round differ- 
ent centres, not coincident with that of the universe Each of the seven planets with 
the exception of the Sun is studded within an epicycle, which in its turn is fixed in the 
eccentric and the latter in the main sphere called "al-Mumaththal"Jhe sum total of 
the motions of the mumaththal together with those of the eccentric and epicycle 
determines the apparent motion of that planet. The next outer or the eighth sphere is 
studded with fixed stars and is called Falak-uth-thawabit. The ninth or the outer- 
most sphere is called Falak-ul-Aflak and was assumed to rotate on its axis in about 
24 hours. This rotation causes the succession of day and night. 3 

2 . Origin and Development ofGraeco-Arabic astronomy m West Asia 

Foundation of Islamic astronomy was laid in the very beginning of Islam, which en- 
joined upon its followers a meaningful observation of celestial phenomena. 4 Astronomy 
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proper started from the reign of second Abbasid Caliph al-Mansur 5 (A D 753-774) 
when the Almagest 6 and the Brahmasphuta-Siddhanta were translated into Arabic. 
The scientific movement 7 started by Al-Mansur reached its climax in the reign of his 
great grandson Al-Mamun 8 (A.D 813-833) who built the two observatories at Bagh- 
dad and Damascus. 9 The movement continued after him as well. Great astronomers 
like the sons of Musa bin Shakir. Habash the computer, Al-Kindl, Al-Mahanl, AI-NarauzT, 
Thabit bin Qurra, Sulayman bin ‘Isma, to name only a few, flourished after Al-MamOn 
But more renowned than the rest was AI-BattanT, the illustrious author of Az-zij as- 
Sabi. 

The tenth century A.D was the golden period of Islamic astronomy. The Balkanization 
of the Muslim world provided a new momentum to the progress of astronomy, as 
different rulers vied with one another in the patronage of science and scientists. It 
was the age of great astronomers such as Abu Ja'far al-Khazin in Khurasan, Ibn ul- 
‘Alam, ‘Abdur Rahman-as-SufI, and Ahmad bin ‘Abdul Jalll as-SijzT in Shiraz (the last 
name advocated the heliocentric theory), Abul-Wafa’ al-Buzjartl at Baghdad, al- 
KhujandT, the inventor of Fakhri sextant at Rayy and Abu Nasr bin Iraq (the teacher of 
al-Blrunl and the discoverer of sine theorem of plane and spherical trigonometry in 
Khwarazm ) 10 

The later half of the tenth and the first half of the eleventh century produced four 
eminent astronomers of exceptionally high calibre : Ibn Slna and Al-Blrunl in the east, 
and Ibn-ul-Haytham 11 and Ibn Yunus in the west (Egypt). It was in the beginning of the 
eleventh century that al-Blrunl was exiled into India and introduced the study of Graeco- 
Arabic astronomy in this country 12 

In the later half of the eleventh century, the Saljuq Sultan Malik Shah built an observa- 
tory to determine the true time of vernal equinox 13 and to reform the calendar, and 
introduced VneMalikiEra. 

The twelfth century produced a good number of important astronomical works such 
as AI-KhurqT's Muntah al-idrak and At-tabsira, Al-Khazinl's Zij-i Sanjari and 
ChaghmlnT’s al-Mulakhkhas fi'l-Hay'at , 14 

Then came the eruption of Tartar marauders who in the middle of the thirteenth 
century devastated Central and Western Asia. But even this unprecedented calamity 
could not interrupt the progress of astronomy. Under Halaku, Naslrud-dln TusI built 
the famous Maragha Observatory 15 and wrote Tadhkira and Zij-i Ilkhani , 16 which 
served as a model for subsequent zljes His pupil composed two important 
astronomical works Nihayat ul-idrak and Tuhfa-i Shahhiya. He also wrote an 
encyclopaedia, Durrat-ut-taj 17 In the following century good commentaries were 
written on astronomical texts such as "ChaghmTnT's al-Mulakhkhas fi’l-Hay’at and 
Tusl's Tadhkira and Zfo-i Ilkhani.™ 
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3 Development of Graeco- Arabic Astronomy m Central Asia 

In the later half of the fourteenth century the centre of scientific activities shifted to 
Central Asia. Timur, besides being a famous conqueror, was also a great patron of 
science and letters 19 and this tradition also continued in his dynasty. His grandson 
Ulugh Beg was himself a great scholar of mathematical sciences. 20 He founded the 
first academy of science of modern times The four members of this academy were 
Qadl ZIdeh Rum! (the commentator of ChaghmTni's al-Mulakhkhas fi'l-Hay'at), 
Chaiyath ud-dln Jamshed Kashi (the author of Zlj-iKhaqani), Mu'In-uddln Kashi and ‘Ala 
uddln QushjI 21 (the de-facto author of Zij-i Ulugh Beg). The king also erected an ob- 
servatory at Samarqand (A. D. 1 420) under the directorship of Qadl Zadeh and Jamshed 
Klshl, and after their death, under that of QushjI 22 The findings of the observatory 
were compiled by the king with the help of QushjI in what was subsequently called 
Zij-i Ulugh Beg 23 After Ulugh Beg and QushjI, the centre of astronomy was shifted to 
India 


ZIJES PREPARED IN WEST-CENTRAL ASIA 
4. PRE-TARTAR ZIJES 


4.1 . Nature of a Zij 

A zij is a set of a number of astronomical tables prepared directly or indirectly on the 
basis of the findings of a particular observatory 

In Indian literature the term zij seems to have been explained first by Abul Fadl in his 
A’in-iAkbari 24 and later on by Mulla Farid, the court astronomer of EmperorShahjahan 
in his astronomical work Siraj ul-Istikhraj and Zij-i Shahjahani. 2 * As Mulla Farid was 
himself the author of an important zij, his description is to be preferred. He prefaces 
his description with that of an observatory (in Arabic Rasad) and says : 

Rasad means the observation of different celestial bodies with the help of instruments 
specifically manufactured for that purpose and to determine with their help, the posi- 
tions of the stars in the sky (i e their longitudes and latitudes), to measure their 
movements, their distances from one another and from the earth, their sizes and such 
other conditions When the movements of the stars have been determined, in 
accordace with set principles of astronomical observations, they are carefully entered 
in a register And that register is called a Zij 29 

Then he divides the zyes into two classes : 

(i) Zlj-i Rasadi or observational tables which are prepared directly from the findings 
of an observatory, such as Zij-i Ulugh Beg compiled directly at Ulugh Beg's 
observatory in Samarqand. 
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(ii) Zij-i Hisabi or computational tables As it is not easy to build an observatory 
which entails tremendous cost and requires highly sophisticated instruments, 
generally later astronomers brought up-to-date the parameters of a previously 
compiled Zij-i Rasadi Such tables are called Zij-i H’sabi The best example of 
this class is Zij-i Shah-Jahani which is essentially an up-to-date revision oiZij-i 
Ulugh Beg 27 Major portion of zij literature in Arabic and Persian comes under the 
class Zij-i Hisabi 

4 2 The first zij m Islamic literature 

The first ever zij among Muslim astronomers was prepared by Al-Fazarl, the court 
astronomer of Caliph Al-Mansur (A D 753-774) under his command 28 It was based 
upon Brahmasphuta-S iddhanta, though the years employed in its computation were 
the Arabian (Hijrl years) 

4 3 Important zijes before Al-Biruni - 

AI-FazarPs colleague Y'aqub bin Tariq who was also impressed by a member of the 
Indian astronomical mission wrote another zij entitled az-Zij-al-Mahlul mm-as 
Sindhmd (Astronomical table solved with the help of Siddhanta ) 29 

Some twenty years later an observational table entitled az-Zij al-Mushtamil was 
compiled by Ahmad Bin Muhammad an-Nahawandl, the Director of the observatory at 
Jundishapur 30 (c.74t A H.). 

Then came Al-Mamun (A D. 813-833) who as stated before built the Baghdad and 
Damascus observatories 31 The participants especially ‘Abbas bin Sa'id al-JawharT and 
Sanad bin ‘All prepared their own (private) tables But officially the record was entered 
in what was called Az-Zij Al-Mumtahan (the Tested Tables), the authorship of which 
is generally attributed to Yaljya bin ‘All Mansur, the chief astrononmer of Mamun 32 

But more important than these tables was the one by Muhammad bin Musa Al- 
KhwarazmT In thiszy were fused the three astronomical systems, the Greek Almagest, 
the Persian Zij-i Shahriydr and the Indian Siddhanta . 33 

The movement started by Al-Mamun continued after his death as well Two astrono- 
mers of exceptional calibre flourished among his successors •- 

Ahmad bin 'Abdullah, also called Habash AI-HasTb composed three Zijes •- 

Zij'-as Sindhmd based on Indian Siddhanta; a revised edition of Al-Mamun's Az-Zy-aZ- 
Mumtahan and a small table called Zij-iash-Shah (very probably based on Zij-i- 
Shahriyar ) 34 
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The other were the Banu Musa (the sons of Musa bin Shakir, the astronomer) They 
built their own observatory, the findings of which they entered in a book entitled 
Sana'at ush-Shams (solar year) also ascribed toThabit bin Qurrah 

In order to highlight the continuity of astronomical activities in Islam, a few very 
important zijes are mentioned below . 

Chief among them was Al-Battanl's Az-Zij-ias-Sabi which he compiled from the find- 
ings of his own observations extending from A D 877 to 918 35 About this zij lbn-ul- 
Qifti says, "I know no one among Muslim astronomers, who reached the intellectual 
status of this savant ” 36 Consequently great number of Hisabi Zijes (Computed Ta- 
bles) were based upon Al-Battani's Tables 

Another important zij was prepared by Al-Battanl's contemporary Fadl bin HStim an 
Narayzi and dedicated to the Caliph al-M‘utadid (A D 892-901) Hence it is called As 
Zij Al-M'utadidi 37 

Among the later contemporaries of Al-Battani was the family of Bam' Amajur The 
members of the family made astronomical observations with which they composed 
twelve zijes 

The golden period of Islamic astronomy commenced with the political ascendancy of 
the Buwayhids.The encouragement the new dynasty gave to astronomy resulted in the 
writing of a number of standard works, including zijes such as 

1. Zij-i as-Safa’ih ofAbuJ‘afaral-Khazm, M 

2. Al-Majisti of Abul-Wafa’ al-Buzjanl, 39 

3. Al-Majisti-ash-Shahi of Abu Nasr bin ’Iraq, the teacher and patron of Al-Biruni; 40 

4 Zij-i Ibn-ul-A‘lam, which was perhaps the best contribution of this penod, 41 as it was 
relied upon by NasiruddTn al-TusI in the compilation of his TlkhSnic Tables. 42 

4 4 .Astronomical works of Al-Biruni 

Al-Blrun? was a versatile and prolific writer who composed a great number of books 
on astronomy and allied subjects. But the work that has immortalized him in the 
history of astronomy is his Qanun-al-Mas'udi 43 (Canon Masudicus) also called Zij-i 
Mas'udi. Like Ptolemy’s Almagest, it is also divided into thirteen books {maqdlas)Me 
also wrote commentaries on al-Khwarazm?s "Tables". 44 In some of them he defended 
him against the criticism of his adversaries 

4.5. Zijes written after Al-Biruni 

After Al-Blrum’s QanUn-al-Mas‘udi the best zij was written by his contemporary Ibn 
Yunus called Az-Zy al-Kabir al-Hakimi as the author dedicated it to the Fatmid Caliph of 
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Egypt Al-Haklm Billah (d A.D 1 020). 45 Its importance lies in that it was one of the two 
zijes TusI relied upon in the computation of his Zij-i Ilkhani 46 

A period of lull followed AI-BlrunT's death. But it was not altogether barren Malik Shah 
of SaljukT dynasty built an observatory under the directorship of the famous poet- 
astronomer 'Umar al-Khayyam 47 Its findings were recorded in a book called by Abu I 
Fadl as Zij-i Khayyam 

Another important zij was composed during the later part of SaljukT rule. It was writ- 
ten by 'Abdur Rahman-al-Khazin and was dedicated to the reigning Sultan Sanjar. 
Hence its name is Zij-i Sanjari 48 


5. POST TARTAR ZIJES 

With the Tartar occupation of Middle East, there commenced a new period of Islamic 
astronomy that inaugurated a new phase of zij literature Hitherto the bifurcation 
between an astronomical text and astronomical table was not clearly defined. Moreo- 
ver, major portion of a zij was devoted to the description of astronomical principles 
and comparatively less space was given to tables For instance, Az-Zij-as-Sabi con- 
sists of fifty-seven chapters, greater number of which are on the demonstration of 
astronomical principles. Similar is the case with Zij -ilbn Yunus and al-Qanun al- 
Mas'udi or Zij -i Mas'udi 

Of the manyzyes prepared in this period, three are most important, as they exercised 
an enduring influence on the preparation of subsequentzyes, especially in India They 
are Zij-i Ilkhani, Zij-i Khaqani and Zij-i Ulugh Beg 

5 1 . Zij-i Ilkhani. It was an 'observational' zij, prepared on the basis of the observa- 
tions made in Maragha observatory. This observatory was built by Halaku Khan, the 
Ilkhani ruler of Iran on the advice and directorship of Khwaja Naslruddln at-TusI in 
A D. 1258 It was built in Maragha near Tabriz Besides the Director Naslruddln TusI, 
four other eminent scholars were also invited to participate in the working of the 
observatory They are, as given by TusI in the preface of thiszy, Fakhruddln of Maragha, 
Mu'yyad uddln al-'UrdT from Damascus, Fakhruddln of AkhlatfromTiflis and Najmuddln 
Dablran from Qazwln 49 

Though the working of an observatory takes at least thirty years, but as Halaku Khan 
was making haste, the work was finished in about twelve years The results were 
recorded in this Zij in A.D. 1271. And as by this time Halaku had died, it was dedi- 
cated to his son and successor Aba Qa’ an! 50 

Zij-i Ilkhani started a new pattern The whole content of astronomical topics was 
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divided into three parts, chronology, spherical trigonometry, and astronomy and 
planetary motions Hence this zij consists of three maqalas (of astronomical impor- 
tance), namely, (i) On different eras, ( 11 ) The movements of the stars and their posi- 
tions (longitude and latitude), and (hi) Determination of the time of ascendants 

To these three maqalas was added a fourth one on astrological predictions This 
arrangement was followed by subsequent writers of zijes (except by Jamshed Kashi) 
Every maqala is followed by a number of tables 

5 2 Zij-iKhEqani Thiszy was prepared by GhyathuddTn Jamshldof Kashan. He found 
some defects in Tusi's ilkhamc tables and he set to amend them He gives a list of 
about fifty improvements made by him on Zij-i llkhanl of Jus! Hence its nameAz-Zf/ 
al-Khaqaniil Takm.il iz-zij il-Ilkhani, He started to write this zij in A D 1374 51 while 
he was in his native town of Kashan Then he was invited by Ulugh Beg to participate 
in his constituted Academy at Samarqand “There he completed thiszy in A D 1 41 3 
and dedicated it to Ulugh Beg. 53 

Zij-i Khaqani consists of the following six maqalas eras, trigonometry and allied 
subjects; positions of the stars (their longitudes and latitudes), important arcs; deter- 
mining the ascendant from different data, and miscellaneous astronomical and astro- 
logical topics 

Mss copies of this zij are very rare The catalogue of India Office Library says that 
the unique copy of this zij is there in the Library But another copy seems to exist in 
Central Library, Hyderabad. 54 Raja Sawai Jai Singh, the builder of Delhi Observatory 
and the author of Zij-i Muhammad Shahi had a copy of this Zij and had studied it It 
is extant in his library. 


5 3. Zij-i Jadid-i Sultani. This is the famous zij of Ulugh Beg. He was very much 
interested in intellectual sciences, especially in mathematics, and wanted to build an 
observatory in order to perpetuate his name. 55 He translated his project into practice 
m A D. 1420 A suitable site for this purpose was selected near Samarqand, and 
necessary instruments and equipments were procured and the observatory began to 
work, 56 first under the supervision of his teacher (in mathematics) Q3dT Zadeh Rumi 
and Maulana Chiyathuddln al-Kashl But before any tangible result could be found, 
both the directors died one after the other The work then was entrusted to Maulana 
Ala uddln al-QushjI, who was Ulugh Beg's pupil in mathematics. QushjI under the 
overall supervision of Ulugh Beg carried out the project and compiled the Zij in A.D. 
1438. 57 This zij, like Tlkham tables, is also divided into four maqalas, e g eras, the 
motions of the stars and their longitudes and latitudes, determining the ascendant 
from given data, and astrological prediction 
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No importantzy seems to have been prepared after Ulugh Beg's zy in Iran or Central 
Asia Some zijes were prepared in West Asia, but they did not influence the zij 
literature of India 


6. WEST-CENTRAL ASIAN ZIJES IN INDIA 
61 In Pre-Mughal Times 

The earliest reference to zijes composed in West-Central Asia is met with during the 
reign of later Ghaznavids when the poetscribe Mas'ud S‘ad Salman, while writing an 
ode in praise of the heir-apparent ‘Abul Qasim Mahmud, predicted his glorious coro- 
nation This prediction was based on thp data provided by the astronomical tables Zlj- 
i Battanl and Kitab-ut-Tafhlm of Al-Blrunl 58 

The former has already been referred to The latter is not azy in the technical sense 
of the term, but a compendium of mathematical and astronomical methods Still it 
contains a number of tables, e g the gazetteer and the star catalogue 

6 2 Zijes enumerated by Abul Fadl m A’ in-i Akbari 

Abul Fadl apparently possessed a great interest in astronomy and consequently, after 
describing the meaning of rasad, gave a long list of 86 zijes in his A’ln-i Akbari 59 But 
unfortunately this list is not arranged chronologically, nor scientifically This list shows 
that scholarly circles in Akbar’s time were acquainted with a large number of Islamic 
zijes These zijes are listed in Appendix A 

6 3 Zijes listed by Mulla Farid 

In the reign of Akbar's grandson Shahjahan, Mulla Farid, the court astronomer, pre- 
pared his astronomical table entitled Karnama-i Sahib Qlr'ani, Zlj-i Shahjahanl. In 
this zy, like Abul Fadl, he first describes what is meant by a rasad (observatory) and 
a zij Then he classifies the latter into Zlj-i Rasadl (observed tables) and Zlj-i Hisabl 
(computed table) Among the former class he typifies Zlj-i Ulugh Beg (which he calls 
Zlj-i Samarqandl) Another example of this class is Zlj-i Battani. 60 Among the latter 
class he mentions his own table as a typical example The list of zijes given by Mulla 
Farid is listed in Appendix B. 

6 4 Zyes studied by Raja Sawai Jai Singh 

Sawai Raja Jai Singh in order to correctly determine the exact time of performing reli- 
gious rites was obliged to study the current astronomical works, written by Hindu as 
well as Muslim and European astronomers Among the works written by Muslims, he 
mentions the following Zij Jadld Sa’ld Gurganl (i.e. Zlj-i Ulugh Beg), Khaqanl 
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(Zij-i Kkaqani ofJamshed Kashi), Tashilat-i Mulla Chand Akbar Shahi (Tash il Zij- 
i Ulugh Begi of Mulla. Chand) and Mulla Farid Shahjahani {Zij-i Shdhjahdni) 61 Of 
these the first two had been compiled outside India (already dealt above), whereas 
the last two were prepared in India (see below). 

ZIJES COMPILED IN MEDIEVAL INDIA 

7. BEGINNING AND PROGRESS OF ASTRONOMICAL STUDIES IN MEDIAVEL INDIA 

7.1 . Beginning of Graeco- Arabic Astronomy m India 

Astronomical studies in Muslim Mediavel India started from eleventh century when 
the celebrated Al-Blrun? exiled from his native country 62 continued his investigations 
in the North-Western part of the sub-continent. Besides learning indigenous sciences 
he determined the latitudes of some of the cities 63 of the region and what is more 
important tried to measure the length of one degree of the meridian and thereby 
determined the length of earth's circumference . 64 

The process of assimilation of West-Central Asian learning was continued by the 
Indian scribe class. For example, the poet-scribe Mas'ud Sa‘d Salman learnt astronomy 
from an old companion of his, named BahramT, and soon acquired proficiency in this 
science . 65 

7.2. Astronomy during Delhi Sultanate 

(i) Mamluk Rule The scribe class was generally conversant with mathematical sci- 
ences including astronomy as is evident from an ode of Amir Khusro which he 
composed in praise of his teacher Shahab Mahmara. Amir Khusro was himself 
well-acquainted with astronomy especially with the science of fixed stars He 
composed a poem on “Twenty-eight lunar Mansions" 66 , called al-Manazil. It was 
during this penod that the first zij in India was prepared (see below). 

(ii) KhiljiRule Astrology (and for that reason astronomy) reached its climax in 
the reign of ‘Ala’uddln Khiljl when there was an ever increasing demand for 
astrologers . 67 Some of these astrologer-astronomers had acquired such pro- 
ficiency in their subjects that they could construct astronomical observato- 
ries 68 

(lit) Tughlaq Rule. Among theTughlaq rulers, Flroz Shah Tughlaq was highly skilled in 
astronomy especially in astrolabe making. He effected important improvements 
in the construction and designs of astrolabes . 69 The extraordinary interest taken 
by the ruler in the theory and construction of astrolabes did not leave the sub- 
j'ects (not only Muslim, but Hindu as well) uninfluenced The first treatise on 
astrolabe in Sanskrit was written during the reign of Firoz Tughlaq by Mahendra 
Sun, catted Yantraraja. 70 
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(iv) The period of disintegration Some of the Provincial dynasties that sprang up 
after the break-up of Delhi Sultanate also showed interest in the patronage of 
astronomy Chief among them was the Bahmanl dynasty of Deccan where Sultan 
Flroz Shah Bahmam ordered the first astronomical observatory in India to be built 
at Balaghat in 810 A H , some ten years earlier than that of Ulugh Beg's at 
Samarqand 71 He was so much interested in these sciences that he himself used 
to give lectures on Tadhkira (a standard work on astronomy by NasTruddln TusI) 
thrice a week 72 

7 3 Astronomy under the Early Mughals 

(i) Babur and Humayun The Mughals brought with them the scientific traditions of 
Central Asia Though Babur relied more on his sword than on astrological proph- 
ecies he, however, did not deviate from his family traditions and employed an 
astrologer (who must be skilled in astronomy as well) at his court. 73 

But Babur's son and successor, Humayun was himself a great astronomer 74 and 
spent his time in the company of scholars well-versed in this science 76 He in- 
tended to build an observatory, for which suitable site was chosen and necessary 
instruments had been collected 76 But death would not allow this project to be 
completed. Just before his fatal fall from the stair-case of Sher Mandal, he was 
engaged in astronomical activities He was waiting for the rising of the planet 
Venus 77 

(n) Akbar and Jahangir. Akbar in his zeal for the propagation of his newly invented 
“Dln-i llahT" enjoined upon his followers the study otNujum (astronomy) 78 
It was during his reign that the versatile AmTr Fathullah of Shiraz reformed the 
calendar 79 and instituted the new llahT Era Under his orders Amir Fathullah, with 
the help of Abul Fadl and some Sanskrit scholars translated Ulugh Beg's tables 
into Sanskrit 80 Abul Fadl himself was greatly interested in astronomy and 
devoted a considerable part of his A’in-iAkbari to the rudiments of the science 81 

Jahangir, though not much interested in astronomy was nevertheless very much 
impressed by the prophecies made by his Court-astrologer Jyotika Rai 82 Jahangir's 
vazir Asif Khan was a great scholar of astronomy. 83 

(ill) Shdhjahan and Aurangzeb. Mulla Mahmud JaunpurT, the auther of Shams-i 
Bazighah submitted to Emperor Shahjahan his scheme for the construction of an 
observatory But it could not be sanctioned due to paucity of funds. 84 Other emi- 
nent scholars of astronomy during Shahjahan's reign were Mulla Farid (see be- 
low) and Mulla Murshid of Shiraz. 85 

Aurangzeb's indifference to this science could not arrest the progress of astronomy, 
which continued, independent of court patronage in the family of Ahmad Ma'mar spe- 
cially his son Lutfullah, who translated into Persian as-Sufl’s Suwar-ul-KawakibJ 8 and 
grandson Imamuddln, the author of At-tasrTh, a commentary on Bahauddln ‘AmilT’s 
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astronomical text Tashrih-ul-Aflak 87 Another scholar of astronomy during this time 
was Mulla ‘Ismat-ullah of Saharanpur, the commentator of the Almagest and Tashi ih - 
ul-Aflak .* 


7 4 Astronomy under the later Mughals 

The fratncidal wars that ensued after Aurangzeb's death disrupted the peace of the 
country, so essential normally for the progress of science But it is curious to note that 
as far as astronomy was concerned it was the most fertile period It was during this 
period that the first (and also the last, of its kind) observatory was built in India This 
was the famous observatory at Delhi (1724) built by Raja Jai Singh, who also built four 
other observatories at Jaipur, Varanasi, Mathurl and Ujjain 89 The findings of Delhi 
observatory furnished the requisite material for the compilation of Zlj-i Muhammad 
Shahi (see below) 

With the British conquest of the sub-continent, Mughal rule came to an end Still 
Graeco-Arabic astronomy struggled hard to survive And it was during the troubled 
thirties of the last century that a scholar Ghulam Husain of Jaunpur wrote a great 
mathematical and astronomical compendium 90 Besides writing other astronomical 
works, he also prepared a zij (see below). 

In the present century Maullna Ahmad Rada Khan of Bareilly wiote glossaries on 
NasTruddTn Tusi's Zij-i llkhani and Jami' Bahadur Khani 91 

8. ZIJES PREPARED IN PRE-MUGHAL INDIA 


8.1 Zij-iNdsiri 

It was the first zij prepared in India, of which history has preserved some details. It 
was prepared by Mahmud bin ‘Umar, who dedicated it to the reigning Sultan of Delhi 
Naslr al-Dm Abu-al-Mu?affar Mahmud bin Shams al-dTnlltutmish Hence its" nam eZy-i 
Nasiri 32 As this Sultan reigned from 644 to 664 A.H. (A D. 1246-1265), it must have 
been completed much before A D. 1265 when observations were being made in the 
Maragha Observatory, which were to be utilized as the basis for compiling the re- 
nowned Ilkham Tables " of Khwaja Nasir al-DinTusi.The later tables were completed 
during the reign of Ab5 Qa’an (A.D 1270-1280) who succeeded his father Hu laku 
Khan. Hence India preceded Iran in the preparation of zij atleast by a decade. 

Unfortunately like so many other works of scholarship, this zij also could not with- 
stand the ravages of time. But it was extant in the days of Abul Fadl who mentions its 
name in his list of zijes 93 (see Appendix A, zij no. 72) 

However, Storey, in his work Persian Literature, points to a unique manuscript copy 
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of thiszy in a private library of Tabriz owned by Husain Aba Nakhjawanl 94 A transcript 
of some part of thiszy was made and is reported to be in Mulla Firoz Library, Bombay 

8 2 Zij-i Jami' Mahmud Shah Khilji 

This is the onlyzy prepared in pre-Mughal India that is accessible to us A copy of this 
zy (very probably the unique one) is preserved in Bodlian Library, Oxford (No 1522) 
of the Persian manuscripts 95 But unfortunately it is defective, surely at the beginning, 
as it abruptly begins with "the importance of astronomical science" without the usual 
praise of the Creator and His Prophet The second chapter is also wanting, as the last 
(the twenty-second) section of the first chapter is immediately followed by the colo- 
phon, which we translate in unequivocal terms as follows “Here ends the book, Zij- 
i Jami' Mahmud Shah Khilji" 96 But the author states at the end of the Introduction 
(fol 3 1 ) that this book consists of an introduction, two chapters and a khatima 97 He 
also promises in the last section of the book, to describe additional items later on, but 
this promise has not been fulfilled in the manuscript before us 

The author's name is not mentioned anywhere in the extant folios of the present copy 
It might have been stated in the missing folio Likewise the title of the book is not 
definitely known. The space (on fol 3a, line 5 of the xerox copy) 98 where the author 
intended to mention it is blank The title given above is based on the colophon 

The author commenced this work in 852 A.H (A D 1448) at the request of some of 
the nobles who were interested in astronomy for preparing almanac But owing to his 
preoccupations with other engagements he could not complete it In 865 A H (A D 

1460- 61) he was pressed by his patron, HabTbuddTn Muhlb-ullah to complete it, and 
accordingly he rewrote it, revised some solved examples and updated the tables 
Unfortunately all these drafts were destroyed when Bidar, his native city was devas- 
tated and all his belongings were plundered In the following year 866 A H (A D 

1461- 1462) the king conquered the cities of the Deccan and he was commanded by 
him to prepare an astronomical table, which embodied the gist of previous tables and 
comprised different astronomical processes He completed this arduous task and 
dedicated the book so written to the king. 99 His (the king's) name is also not clearly 
mentioned. 

The book (as the author himself states) was to consist of a muqaddama (prolegom- 
ena), two chapters, and a khatima (epilogue). 100 The muqaddama consists of thirty- 
six sections. Section I is on the definitions of rasad (observatory), zy (astronomical 
tables) and a number of geometrical terms Then he gives a short account of arithme- 
tic which comprises fifteen sections (from section II to XVI) Section XVII is on men- 
suration Sections XVIII to XXIV are devoted to astronomical arithmetic based on 
sexagesimal system The next twelve sections are on astrolabe; section XXV on the 
components of the astrolabe and the remaining eleven on the uses of this instrument 
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The first chapter deals with the knowledge of different calendars (eras), the determi- 
nation of planetary motions (with reference to their longitudes and latitudes) and 
related topics It consists of twenty-two sections. The first section explains what is 
meant by a calendar and its several parts such as night, month and year The next 
four sections are on the following calendars HijrT, Roman, Persian and MalikT (insti- 
tuted during the reign of Saljuq Sultln Malik Shah) The fifth section is on the conver- 
sion of these four calendars into one another. Then follows section seven comprising 
a lengthy description of Turkish (Uighur) calendar consisting of eleven qism or parts 
Section ten is on the motion of the Sun Section eleven is on the motion of the Moon 
Section twelve is on the motion of the five wandering planets Section thirteen deals 
with the description of the above motions, and section fourteen with conjunction and 
opposition, while the next three sections are devoted to other aspects of planetary 
motions Sections eighteen and nineteen deal with astrological problems Sections 
twenty and twenty-one are on lunar eclipse and solar eclipse respectively 

In the last (twenty-second) section, the author says that the above-mentioned topics 
are generally considered sufficient for preparing an almanac Still there are some 
more items which are also entered in it such as Coptic, Turkish (?) and Jewish calen- 
dars. Some astrologers also add astrological and other predictions including the ef- 
fects of the moon when it enters different signs of the zodiac and the twenty-eight 
lunar mansions. 

In the end, the author cautions that astrological predictions are probable and not 
certain. Only those procedures are worthy to be believed that are based on arithmeti- 
cal computations, as they are free from doubts except when some error creeps into 
them. 

As to the sources of the zy under review, the author was much impressed by Ilkhanl 
Tables of Khwaja Nasir-ud-dln TusI 101 But he differs from him in chapterization. Tusi's 
zy is divided into four maqalas, but the author of Zij-i Jami' has redistributed their 
content He has also added a number of mathematical topics of interest from other 
sources. In the prologomena, while giving definitions of geometrical terms, he seems 
to follow Tusi's Tadhkira and the sections on astrolabe and its uses seem to be based 
on his (Tusi's) Bist Bab : twenty chapters on astrolabe Besides Ilkhani Tables he 
does not refer to any other sources by name. But there are. sufficient reasons to 
conclude that he consulted a number ofzyes in vogue at that time, as he himself says, 
he often intended to prepare azy by making selection from current zyes . 102 However, 
certain phrases of his Zij-i Jami 1 are reminiscent of Jamshed KIshT's Zij-i Khaqani 
which had been composed some thirty-six years earlier. 

There are only some tables on calendrical conversion, but no astronomical table of 
planetary motion is found in the present copy of the Zij 
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9. ZIJES PREPARED DURING THE REIGN OF GREAT MUGHALS 

9 1 Tashll Zij-i Ulugh Begi 

It was prepared by Humayun's trusted friend and companion Mulla Chand, son of 
Baha’ud-dln He accompanied him (Humayun) when he was obliged to flee from India 
to seek refuge in the protection of Shah Tahmasp of Iran But as his queen Hamldah 
Begam was about to give birth to his son Akbar, he was obliged to leave her in the fort 
of Amarkot. He also left Mulla Chand with her so that he could correctly report the 
time of birth of the new born and prepare his horoscope which Abu I Fadl has repro- 
duced in his Akbar Nama 

After HumayGn's death, Mulla Chand entered the service of his son and successor 
Akbar, as his court astronomer It was during this service (in the early part of it) that 
he made a simplified version of Ulugh Beg‘s tables, as he had been persistently 
requested by his friends to write a Tashil of the zij (of Ulugh Beg). He acceded to 
their request and prepared a simplified version A unique copy of this zij is preserved 
in Jaipur State Library*, Mulla Chand made some revision and alteration in the ar- 
rangement of the original Zij-i Ulugh Beg. He divided his work like the original into 
three maqalas The first is on different calendars and eras, the second on the deter- 
mination of the times of ascendants and what pertain to them, and the third on deter- 
mining the positions of the stars and allied subjects 

In the scheme of arrangement, he has often differed from the original Zij-i Ulugh 
Beg. Major portion of the first maqala on chronology in the original Zij-i Ulugh Beg is 
devoted to Chinese and Uighur calendar, whereas Mulla Chand in the context of changed 
political, social and cultural conditions did not give importance to this calendar. But 
what he failed to realize (and subsequently' writers, e g. Mulla Farid and Jai Singh as 
also Abul Fadl, were obliged to take note of) was the importance of Samvat Era This 
lacuna may be due to the fact that he wrote his Tashil before the time when Hindu 
community and its culture was recognized as unignorable 

The second maqala on spherical trigonometry and astronomy in the original consists 
of twenty-two chapters, whereas in the Tashil it contains twenty-four chapters He 
subsituted chapter 15 of the original, "On the determination of Mendian Line”, with a 
chapter (1 8th in the Tashil), “On the determination of the inclination of a line that is 
drawn in the plane of the horizon" He added a new chapter (18th in the Tashil) “On 
the determination of the sine of the mean motion" between the seventh and eighth 
chapters of the original. He also added two more chapters between the twenty-first 
and twenty-second of the original and gave them the title "On the determination of 
ascendant from the direction of the star". He also changed the order of chapter 
seventeen of the original, "On the determination of the amplitude of visibility”, and 
assigned it the twelfth place in his scheme. There is not much difference between the 

* The author is thankful to the present MaharSjs of Jaipur who permitted him to consult it and take notes 
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original and the Tashil in this maqala Every maqala is followed by a number of 
tables which he updated from the original with the help of planetary equations 

9 2 Zij-i Shahjahani 

More important than Tashil of Mulla Chand is the Shahjahani tables written by a 
scholar astronomer 

The author The author's name was Fariduddin He came from a family of scholars 
who were held in high esteem by kings and rulers of bygone days His father Hafiz 
Ibrahim was a great scholar of his time 103 Mulla Farid received his early education 
from his father Then he went to the school of Shah Nizam of Narnol and studied under 
him. Finally he became the pupil of Amir Fathullah ShlrazI who was decidedly the 
greatest scholar of intellectual sciences of his time. Under his guidance he acquired a 
high degree of proficiency in different sciences and was soon recognized also as one 
of the greatest scholars of his time 104 

He entered the service of Khan-i Khanan, the governor of Gujarat in 1006 A.H 
1 597 A D. It was in this year that he wrote an astronomical text named Siraj al- 
istikhraj comprising amuqaddama (introduction) and nine chapters. He dedicated it 
to Khan-i Khanan. He continued in his service till 1 024 A H. and perhaps after that as 
well till he was introduced to Shahjahan in the second year of his accession, when he 
presented his newly prepared tables entitled Zij-i Shahjahani 105 

He died, according to the author of Tabaqat-i Shahjahani , in 1039 A H. But this 
seems incorrect as the positions of stars are calculated for the year 1041 A H. in 
which year he must have been alive and actively engaged in astronomical 
activities 106 

MullI Farid wrote many works chief among which were Siraj al-istikhraj, as stated 
dedicated to Khan-i Khanan in 1 006 A.H. and Zij-i Shahjahani to be described shortly 
He is reported by the author of Ma’athir-i Rahimi to have also written a zij in the 
name of Khan-i Khanan This zij is possibly identical with Siraj al-istikhraj, which is 
not mentioned in Ma’athir. 

Thegenesisofthe Tables. The idea of writing a fresh zy was not of Mulla Farid. It came 
from VazirAsif Khan who in order to immortalize the name of his son-in-law (Shahjahan) 
thought of starting a new era like that of JalalT era of Malik Shah Saljuql or llahl era of 
Akbar.The proposal was put up before Shahjahan for his approval and consequently a 
royal decree was issued Mulla Farid was commissioned to prepare a new set of 
astronomical tables with the collaboration of his brotherMulla Jayyib and other schol- 
ars of Muslim and Hindu astronomy under the over-all supervision of the Vazir Asif 
Khan. 107 As there was not sufficient time for fresh observations and also the age and 
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health of Mulla Farid did not permit him to endure the strain of astronomical observa- 
tions (for, if we believe the statement of Tabaqat- i Shahjahani he could not survive 
the compilation of his zij) the proposed zij was to be based on Zij-i Ulugh Beg which 
was the nearest in point of time, most reliable and most correct of all the zijes 108 The 
result was the Zij-i Shahjahani, its full title being Karnama-i Sahib Qiran-i Thani, 
Zij-i Shahjahani. 

The Court Chronicler Muhammad Salih Kamboh speaks very highly of thiszy which in 
his words pushed into oblivion and disuse even Zij-i Ulugh Beg on which it was based 
The Emperor Shlhjahan was so much impressed by its utility that he ordered it to be 
translated into Hindi (i e Sanskrit) for the use of general public. 109 

The Zij Like its predecessors, Zij-illkhdni and Zij-i Ulugh Beg, this is also divided 
into four maqalas, preceded by a very informative introduction The latter is sub- 
divided into five qisms or sections devoted to (1) the nature of rasad (observatory), 
Zij (astronomical tables), tashil (simplified tables or Zij made easy) and Taqwim 
(almanac), and their uses (first qism), (2) special features of thisZy {Zij-i Shahjahani) 
on account of which it is to be preferred to other Zijes of the past (second qism), (3) 
numerical "affinities" between the content of this Zij and the royal names and titles 
(third qism), (4) the corrections, inventions (improvements upon) and additions made 
to Ulugh Beg's Tables (fourth qism), and (5) defining the era, year, month, day andits 
parts (fifth qism) 

The four maqalas are the same as those given in Zij-i Ilkham and Zij-i Ulugh Beg 
The first maqala on eras consists of ten chapters, e.g (1 ) the llahT calendar, (2) HijrT 
calendar, (3) Greek calendar, (4) Persian (Yazdjardi) calendar, (5) MalikT (JalalT) 
calendar, (6) transformation of the above five calendars into one another (7) Indian 
{Samvat or Saka) calendar, (8) Transformation of HijrT calendar into Indian and vice 
versa, (9) Chinese and Uighur calendars, this is by far the most lengthy chapter, as it 
consists of ten sections treating different topics related to Chinese calendar, (10) 
important days (festivals) of differen calendars 

The second maqala entitled "Determination of Time and the Ascendant of every 
Planet" is concerned with spherical astronomy. The third maqala deals with the deter- 
mination of the motion of planets and their positions in longitudes and latitudes 

The text of these two maqalas is the ad verbatim reproduction of the corresponding 
maqalas of Zij-i Ulugh Beg with occasional changes But the text of each of these 
maqalas is followed by a great number of tables For instance, in the British Museum 
Mss copy the text of the second maqala occupies only eight folios, whereas the 
tables cover some sixty-eight folios. Similarly, the text and tables of the third maqala 
occupy eight and three hundred and nineteen folios respectively. 110 
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However, the tables were not only copious and updated, but very much improved in 
comparison with Ulugh Beg's zij Some of these improvements were borrowed from 
preceding scholars especially from Mawlana Rozbahan of Shiraz and some were his 
own (author's) onginal contribution 111 

With these additions, Mulla Farid presented a highly improved edition of Zij-i Ulugh 
Beg, and perhaps the court chronicler Muhammad Saleh Kamboh did not exaggerate 
when he observed that his Zij-i Shahjahani relagated Ulugh Beg's tables into disuse 

10. ZijES PREPARED DURING THE TIME OF LATER MUCHAIS 
1 0 . 1 . Zij-i Muhammad Shahi 

By far the most valuable contribution medieval India made to the advancement of 
astronomy was the building of Muhammad Shah! Observatory at Delhi (popularly known 
as Jantar Mantar) and the compilation of Zij-i Muhammad Shahi on the basis of its 
observations 

1 0.1 .1 The observatory Muhammad Shahi observatory at Delhi is the first of its kind 
(and also the last) ever built in this country. No other monument of this type had ever 
been built in India There were astronomers during the reign of ‘Ala’ uddln Khiljl 
capable of erecting an observatory, but they never thought of it Humayun thought of 
building an observatory, for which suitable site was selected and necessary instru- 
ments and requisite equipment had been collected but death did not allow him to 
bring this idea into practice Sultan Flroz Shah BahmanI of Deccan ordered his court 
astronomers in 810 A.H to build an observatory at Bala Ghat They began to build it, 
but the project had to be left incomplete owing to the death of the chief director 

Providence had reserved the credit of building the first ever observatory in India to 
the reign of the Mughal Emperor Muhammad Shah and the untiring efforts of the 
Rajput Prince RajS Sawa’i Jai Singh. 

1 0.1 .2. The Background. The de-facto builder of this observatory Raja Jai Singh was a 
great scholar of his time in mathematical sciences 112 (especially astronomy), for which 
he had a natural aptitude At the same time he was an orthodox Hindu and insisted on 
the performance of religious duties and rites at their proper times. 113 To achieve this 
purpose he took advantage of his astronomical knowledge. He studied astronomical 
tables, not only those based on Hindu astronomy ( siddhanta jyotisa), but also on 
Muslim ‘Ilmul-Hay’at (Graeco-Arabic Islamic astronomy) and modern European as- 
tronomy. But the times of different celestial phenomena (especially of eclipses) which 
he calculated with the help of these tables would not very often tally with those of 
their actual occurrence 114 He brought this matter to the knowledge of the Emperor 
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who commanded him to build, with the collaboration of the exponents of different 
systems of astronomy (Hindu Jyotisa, Mulsim Tlm-ul-Hay’at and European as- 
tronomy), an observatory and prepare a fresh set of astronomical tables based on 
its observations 116 

10 1 3 The Building of the Observatory 

He obeyed the imperial command and set to work. But the difficulty was that there 
existed no model of an observatory. 118 To surmount this obstacle he studied works of 
Muslim scholars on the construction and uses of astronomical instruments and got a 
number of them, like those used by the astronomers of Ulugh Beg's observatory at 
Samarqand, manufactured by local artisans 117 

But these metallic instruments could not satisfy him, as besides being small, not 
admitting fine and minute divisions, they soon became unserviceable Hence he was 
obliged to replace them by masonry instruments made of lime and stone 118 (actually 
huge buildings) In the preface of Zij-i Muhammad Shahi he gives the names of 
three of them, Samrat Jantar, Jai Prakash and Ram Jantar With their help, obser- 
vations were made and recorded in a fresh zij which was dedicated to the Emperor 
Muhammad Shah Hence it was called Zij-i Muhammad Shahi It was completed in 
AD 1728. 

1014. The Zij. Like the astronomical parts of the preceding zijes (Zij-i Ilkhani, Zij-i 
Ulugh Beg and Zij-i Shahjahani) Zij-i Muhammad Shahi is also divided into three 
maqalas. 

The first maqala is on calendars. The Raja was more practical and therefore would 
not waste his time in describing obsolete eras, such as Greek or Persian eras He 
was content with (i) the HijrT era which was in vogue at that time, (li) the Muhammad 
Shahi era, which he instituted in order to immortalize the name of his emperor, (hi) 
the Hindu era or Samvat which was current among the majority community and hence 
a social necessity, and (iv) the Christian era for which he foresaw the importance to 
be attached in future 

Consequently the first maqala is divided into following four chapters : 

I On the determination of HijrT Era; 

11 On Muhammad Shahi Era, 

III On Christian Era; and 

IV On Indian Era, known as Samvat This chapter is further sub-divided into two 
sections, e g., (a) finding the Samvat from Hijrl year, and (b) finding Hijrl year 
from the Samvat. 
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On the other hand, the second maqala is divided into nineteen chapters as follows 

I On sine and versine, 

I I On the determination of the tangent of a quantity and vice versa, 

III On the determination of the second declination of the ecliptic from the celestial 
equator, 

IV On the determination of the distance of a star from the celestial equator, 

V On the determination of the maximum upper and lower culmination of a star in 

equatorial zone; 

VI On the determination of the ascendant of (places on) terrestrial equator, 

VII On the determination of the equation of day, the diurnal arc, the nocturnal arc 
and the hours of day and night, 

VIII On the determination of ascendants (finding ascension as a function of lati- 
tude), 

IX On the converse of the determination of ascendants; 

X On the determination of the ascendant of transit; 

XI On the determination of the ascendant of the rising and setting of stars for 
terrestrial equator, 

XII On the determination of the azimuth from the upper and lower culminations; 

XIII On the determination of the upper culmination from the azimuth, 

XIV On finding the terrestrial meridian (or line of north and south), 

XV On finding the longitude and latitude (of a place); 

XVI On the determination of the amplitude of the time of visibility, 

XVII On the determination of the distance between two stars; 

XVIII On the determination of the ascendant from the upper culmination; 

XIX On the determination of the upper or lower culmination of the stars from as- 
cendants. 

This maqala ends with a conclusion on the importance of gazetteer for the prepara- 
tion of an almanac, and therefore, on the description of the longitude and latitude of 
some important cities. As a whole, the second maqala is an ad verbatim reproduction 
of the latter with minor changes The most prominent of these changes was the 
deletion of the chapter on the determination of the direction of Qibla (Mecca), a topic 
that had been invariably treated in all astronomical texts and tables from the time 
astronomy was studied by Muslims. 

The third maqala entitled "The determination of motions of stars and their positions 
(longitudes and latitudes)" is on planetary motions only. For other topics discussed in 
the corresponding maqalas of IlkhanT tables and those of Ulugh Beg, he added a 
khdtima, the end-chapter. 
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However, the third maqala of Zij-i Muhammad Shahi consists of a muqaddama and 
four chapters The muqaddama is on the equation of time The four chapters are 
devoted to the motions of the Sun, the Moon, the outer planets (Saturn, Jupiter and 
Mars) and the inner ones (Venus and Mercury), Each of the first two chapters is 
further sub-divided into three sections, the first on mean motion, the second on their 
taqwim and the third consists of a set of different tables, such as those of mean 
motion, equation etc The last two are divided into two sections each, the first on 
mean motion and the second on determining the taqwim 

The khatima consists of seven sections as follows 

I Lunar eclipse, 

II Solar eclipse, 

III Determination of the time of the visibility of the new Moon It is in this section 
that the author claims to have got a telescope constructed by artisans of his 
household and then verified with its help some of the discoveries made by 
Galileo, see below, 119 

IV Appearance and disappearance of wandering planets; 

V Appearance and disappearance of the so-called fixed stars; 

V Rising and setting of lunar mansions, 

VII. The positions (celestial longitudes and latitudes of some sixty and odd stars 
determined by the astronomers of Muhammad Shah? Observatory) 

1015 The Tables There are about 147 tables in this zij (according to Aligarh Ms) 
Their maqala- wise distribution is as follows first maqala- 10, second maqala- 64 
(including two trigonometrical tables, one of sines and the other of tangents, and a 
geographical gazetteer giving longitudes and latitudes of some 136 places); third 
maqala-67, khatima- 6 . In the third maqala on planetary motions, the number of 
tables appended with every planet is as follows . Sun-6, Moon-21, Mars-7; Jupiter-8, 
Saturn-8, Venus-7.These figures differ from those given by Hunter in his article "Some 
account of the Astronomical Labours of Jaya Sinha“, published i n Asmtick Researches, 
1793 According to him these figures are as follows • Sun-9, Moon-12, Mars-11, 
Jupiter-10, Saturn-1 1 , Mercury-1 1 , Venus-1 1 . It seems the manuscript consulted by 
Hunter was different from the Aligarh copy, which is substantially in agreement with a 
number of other mss copies. For instance according to Aligarh Ms, the number of 
early zijes studied by Jai Singh as recorded by him in the preface oiZij-i Muhammad 
Shahi is four whereas Hunter gives only three, omitting Zij-i Shahjahani mentioned 
in other copies 

1 0.1 6. Special Features ofZij-i Muhammad Shahi This IS the first zij prepared in the 
East that clearly shows the influence of modern European astronomy, both m theory 
as well as in practice. 
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(a) The stories of new discoveries made in Europe were constantly trickling into the 
learned circles of India (specially of Delhi) through European scholars who under the 
title of Danayan-i Firang (wise men of the West) constituted an important section of 
the intelligentsia It was through them that the astronomers of the Raja came to know 
how after a long series of trials and errors, Kepler succeeded in explaining the mo- 
tions of different planets So these scholars presumably after a bitter controversy 
agreed to employ Kepler’s first law for solving the anomalies of planetary motions, 
only if it was not in conflict with their basic principle of geocentric universe For this 
purpose they made two modifications in this law 

(i) They divested it of its heliocentric context, and 

(u) They excluded from its purview the Earth, which still continued to occupy in their 
system the middle, if not the central, position Thus they extended it to regulate 
even the motion of the Sun, which in Kepler’s theory was stationary and occupied 
a focal, but not the central, position. 

(b) It was the first observatory in India that employed telescope for astronomical 
observations The astronomical mission sent Dy Jai Singh to Portugal brought with 
them a telescope made there 120 Then he got another telescope manufactured by 
local artisans, as he states in the zij itself 

"As our artisans have constructed the telescope so excellent that with its aid we can 
see bright and luminous stars even about midday in the middle of the sky. By employ- 
ing such a powerful telescope, the newmoon can be seen even before the time, the 
astronomers have determined for its rays to begin emanating. And also after it has 
entered the prescribed limit of its invisibility, it still remains visible (through the 
telescope ). 121 

Then he set to verify what was told to him about the discoveries made by Galileo and 
others, and to his great joy he found them true He himself states the results of his 
new observations. 

"We also found the form and behaviour of some of these planets contrary to what the 
earlier scholars have recorded in current works They are as follows ■ 

First : We observed with our own eyes that Venus and Mercury obtain light, like 
the Moon, from the Sun, because we found that their light is diminished or 
increased according to their distance from the Sun. 

Second : We have observed Saturn and found that it has the shape of an ellipse, i.e. 

out of its two diameters intersecting at right angles, one is smaller than 
the other. 

Third : We found four shining stars approximately near the equator of Jupiter 
revolving round it. 
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Fourth We saw a number of spots distinct from one another on the surface of the 
solar disc and found them completing their round on the solar disc, along 
with the rotation of the Sun itself, in about one year 11122 

One more deviation was made by Jai Singh from the traditional Graeco-Arabic as- 
tronomy which conceived the so-called “fixed stars” as stationary But he proposed an 
altogether different theory and observed in Zij-i Muhammad Shahi • 

“Those stars that are termed “Fixed Stars" in the terminology of astronomers are 
not fixed and stationary in reality Nor do they move with one rate of velocity, but with 
different velocities 1,123 

(c) The Raja and his colleagues also solved a baffling problem of tngonometry. This 
related to finding out the sine of one degree and its parts (minutes and seconds etc ) 
Ulugh Beg by devising a scientific method for finding the sine of an angle one third of 
another of known sine, was able to compute geometrically the sine of one degree But 
Jai Singh and his colleagues went one step further and found out geometrical method 
for determining the sine of one minute etc as well He says . 

"As the determination of the sine of one minute is dependent on the method of 
finding the sine of an angle, one fifth of another of which the sine is known, we with 
the grace of the Creator of the Universe were enabled to determine the sine of an 
angle, one fifth of another of known sine so that we could determine geometncally 
the sine of one minute as well 11124 

10 2. Jami 1 Bahadur Khani 

I _ 

It is a great compendium of mathematical and astronomical sciences The author 
Maulana Ghulam Husain of Jaunpur came of a learned family. He received his early 
education from his father Then he went abroad for higher education and acquired 
proficiency in different mathematical sciences, which included the science of astronomy 
He was invited by Raja Bahadur Khan of Tikari, where he composed JarnV Bahadur 
Khani (ADI 835) and Zij-i Bahadur Khani (ADI 844) and dedicated them to the 
Raj'a, hence their titles Afterwards he went first to Banaras and finally to Murshidabad 
where he died in 1279 A H. 12S 

He began to write this compendium ( Jami ‘ Bahadur Khani) in A D. 1833 and com- 
pleted it the next year Within a space of one year and two months he wrote such a 
voluminous treatise comprising 657 pages of big size 126 As an apology for writing this 
book, he says, “Since the time of al-Barjandl (died 1249 AH), no comprehensive 
book dealing with astronomy and allied sciences (arithmetic, geometry and optics) 
and at the same time matching with Almagest and commentaries on "Tadhkirah (of 
NasTruddTn TusI) has appeared in Persian language ... so I undertook to write this 
book. 11127 
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The Jam? comprehensively deals with the following branches of mathematics ge- 
ometry, optics, arithmetic, trigonometry, astronomy, and prepartion of zijes The chapter 
on "Astronomy" comprises 256 pages The section on introduction deals with the 
definition of astronomy and its fundamental principles, e g form of celestial sphere 
and terrestrial elements, astronomical instruments and the techniques of observa- 
tions, form of component spheres and details of their composition and velocities, 
descnption of the Earth and peculiarities of different zones and distances and sizes of 
different celestial bodies. 

In the epilogue, the author discusses the reasons of difference between the findings 
of various observatories 

No other book on astronomy on the pattern of Jam? Bahadur Khani is known except 
al-Birunl's "Kitab at-Tafhim", of which the first two parts are devoted to geometry 
and arithmetic and remaining three to astronomy, astrolabe and astrology But the 
treatment of astronomy is not so thorough as in Jam? Bahadur Khani " 1JB 

There are a number of astronomical tables, besides trigonometrical tables, geographical 
gazetteer and a revised star catalogue The importance of the tables consists in the 
fact that their proof reading (corrections) was meticulously done by the author himself 
with the result that it is free of errors, specially in figures, which is so common in 
astronomical works whether printed or hand-written. 

10 3 Zij-i Bahadur Khani 

It is perhaps the next bestzy after Zij-i Muhammad Shahi, as it was completed with 
the help of fresh astronomical observations made by the author. As regards his pro- 
ficiency in astronomy, no further proof is needed after a thorough study of his Jam? 
Bahadur Khani and other astronomical works such as his commentaries on Ptolemy's 
Almagest and Bahauddln ’AmulT's tract on astrolabe etc. 

10 3.1. The Background. After the author Ghulam Husain completed Jam? Bahadur 
Khani in A.D. 1834 and dedicated it to his patron Raja Khan Bahldur KhSn, he submit- 
ted to him the following proposal ■ 

"Now that I have made a comprehensive compendium of mathematical sciences, it 
is hoped that your honour would give your attention to what is the practical result of 
all these sciences, and that result is the compilation of a fresh set of astronomical 
tables, which is in need of constant revision and reform in all successive periods of 
time, and this must be based on fresh astronomical observations. 

But the later project has never been possible without the (financial) assistance from 
the upper (wealthy) class of the society Moreover, recently European scholars have 
designed and manufactured highly sophisticated and fine astronomical instruments, 
which have made astronomical observations independent of big and clumsy 
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instruments used by Graeco-Arabic astronomy It may also be submitted that many 
of these new instruments are already there in the stores of your household 

Hence if (fresh) observations of stars (and their different aspects) are made for 
some years, the difference between the observed times (of their actual occurrences) 
and that which is computed with the help of Zlj-i Muhammad Shahi will be elimi- 
nated Moreover, this humble self has been observing and keeping a proper record 
of these observations and this will also help in the preparation of the newTables " 129 

In response to this request of the author, his patron observed 

“We ourselves had such idea in our mind from a long time, and now that you have 
submitted this proposal, we seriously intend that this project be duly executed " ,3 ° 

This remark of the Raja encouraged the author, who single-mindedly devoted himself 
to the observations of different aspects of the stars (planets) such as their longitudes, 
latitudes and their diameters and also to systematically record their periods of changes 
He occupied himself in this activity for six years besides the earlier nine years, as 
stated above He also added to the knowledge so gained during these fifteen years, 
the findings of earlier astronomers and with the resultant knowledge corrected and 
revised difficult astronomical tables, such as those of the inclinations, mean motions 
and equations of different planets and entered them in afresh zij, named "Zij-i Bahadur 
Khan? so that any one who so desires, might determine with its help, the almanacs 
of fixed stars and planets, occurrences of eclipses, time of visibility of new moon, 
the relative positions and conjunctions of different planets for a long time to come 

10 3 2 The Zij It consists of a muqaddamah and seven chapters.The muqaddamah 
is on the nature of a zij and discusses the reasons for the necessary revision of the 
tables in successive periods of time The various maqalas deal with the following 
topics (1) arithmetical computation both using Indian numerals of decimal system of 
notation and the sexagecimal system; (2) on different eras and their reductions from 
one to the other; (3) determination of the time of ascendant and allied matter; (4) 
determination of the motions of stars, their longitudes and latitudes, determination of 
solar and lunar eclipses, visibility of new moon, appearance and disappearance of the 
remaining five wandering planets and fixed stars etc ; (5) determination of tithi, 
naksatra, yoga, karana and the method of finding them, (6) the relative positions of 
the planets with respect to one another and their conjunctions and some arithmetical 
computations relating to astrology, and (7) astrology and its predictions relating to 
the ascendants of the year and personal horoscopes, and determination of auspicious 
times 

In the second maqala, besides discussing the usual eras, i e Creation, Deluge, Coptic 
(i e pertaining to Bakht Nasar), Greek (after Alexander the Great), Chinese and Uighur, 
HijrT , he has also discussed the Samvat and Gregorian calendars. 
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The third maqala consists of some twenty three chapters more or less the same as in 
Ulugh Beg's tables and Zij-i Muhammad. Shdhi 


10 3 3 The Tables These tables concern as usual the trigonometrical tables of sine, 
tangent, and cotangent; first inclination, second inclination, Matali' al-Buruj, hours 
of midday, and the number of gharhies for the total day and night at the place of 
observation; the real hours corresponding to the degrees of Sun's motion, and geo- 
graphical gazetteers. Then there are a number of tables corresponding to that in the 
2nd maqala of the Zij-i Muhammad Shahi. The tables pertaining to the taqwmr of 
the Sun were prepared one for his native city of Jaunpur and the other for Calcutta 
The tables pertaining to the mean equations, distances and (apparent) diameters of 
the Sun were computed from his own observations, as he claims 


Special Features ofZij-i Bahadur Khani 

Besides the corrections made by the author in the earlier tables of mean motions etc 
of the zijes of ancient astronomers, this zij has a number of special features It has a 
maqala on the mathematics of astronomy. The terms and symbols used in almanac 
are explained Three additional calendars Bangla, Gregorian and Fasli are added to 
the current eras Tables of tithis, naksatras, karanas etc. according to Indian Jyotisa 
are also incorporated to help those who act according to Jyotisa. Compound equa- 
tions of lunar anomalies are tabulated corresponding to degrees of zodiacs The an- 
cients computed Matali ‘ al-Buruj to the latitude of the extremity of habitable world 
and ignored those that were beyond that latitude. But as the Europeans have ex- 
plored the land beyond that limit, consequently the tables of Matali 1 al-Buruj to lati- 
tude 67 degree which is the complemet of solar eclipticity (i.e 2372 degree) are also 
added to the existing ones. As necessity often arises for astrological predictions, a 
chapter on astrological prognostications is also added. 131 


1 1 . Minor Zijes Prepared in India 


Some more minor zijes are also reported in catalogues of Indian libraries to have 
been prepared in this country But as their microfilms were not available, details 
about them cannot be given. They are • 


Zij-iAshki 
Zij-i Hindi 
Zij-i .Nizami 

Zij-i Mir 'Alami 
Zij-i Safdari 
Zij-i Sulaiman Jahi 


by Kundan Lai AshkI, 132 Central Library, Hyderabad; 
by Mlrza Gul BegMunajjim, 133 Rada Library, Rampur; 
by Khwaja Bahadur Husain Khan, 134 Central Library, 
Hyderabad, 

by Safdar ‘All Khan, 135 Central Library, Hyderabad; 
by Safdar ‘All Khan, 136 Sallr Jang Library, Hyderabad; and 
by Rustam ‘All Khan, 137 Radi Library, Rampur. 
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But more important is a glossary on Zij-i llkhani 138 It was written by a great scholar 
of modern times, Maulana Ahmad Raza Khan of Bareilly in A D 1892-93 This glos- 
sary is based on the commentary of the renowned Persian scholar NiazmuddTn A'araj 
of Nlshapur The learned author wrote only on the second maqala of TlkhanT Tables, 
but has provided very useful information, not generally found in other works on astro- 
nomical texts and tables * 

APPENDIX - A 

ZfjES ENUMERATED IN A’IN-1 AKBARI 

1 Zlj i Majui (Amajur, the Turk) 

2 Zij-i Ibburkhas (Hipparcus) 

3 Zij-i Batllmus (Ptolemy) 

4 Zij-i Fithaghurath (Pythagoras) 

5 Zlj-i Zardasht 

6 Zlj-i Thaun Iskandari (Theon of Al exand ria) 

7 Zlj i Sabat-i Yuna.nl 

8 Zlj i Thdbit bin Qurrah 

9 Zlj-i Hasam bin Sman 

1 0 Zij-i Thdbit bin Musa 

11 Zlj i Muhammad bin JabirBattanl (Albatignius) 

1 2 Zlj i Ahmad bin 1 Abdullah Jaha (Habash) 

13 Zij i Abu Rayhan (very probably al-Qanun al-Mas l udi) 

14 Zlj i Khahd bm l Abdul-Malik (one of the participants in al-Mamun's observatories) 

1 5 Zij-i Yahyd bin Abl Mansur (very probably the famous az-Zij-ul-Mumtahan) 

1 6 Zlj-i Hamid (the tables Of Abu Hamid Ahmad bin Muhammad as-Saghani) 

1 7 Zlj-i Mughnl 

1 8 Zlj-i Sharql 

1 9 Zlj -i Abul Wafa * al-Buzjdni 

20 Zlj -i Jami * Kay a Kushiyar 

21 Zlj -i Bahgh Kaya Kushiyar 

22 Zlj i ‘ AdudlKayd Kushiyar 

23 Zlj i Sulayman bm Muhammad 

24 Zij i Abu Hamid Ansari 

25 Zlj-as Safa* ih (of Abu J'afar al-Khazin) 

26 Zlj i Abul Farh {p Taraj) Shhazi 

27 Zlj i Majmu l a 

28 Zlj i Mukhtar 

29 Zlj-i Abul Hasan Tusl 

30 Zlj-i Ahmad bm Ishaq Sarkhasl (probably Ahmad bin Muhammad bin at-T ayyib as-SarkhasT, the pupil Of Al- 
kindT and the teacher of the Caliph ai-Mu‘tadid) 

31 Zlj i Fazari (probably IbrShlm bin Habib al-Fazarl He based hlS zij on Brahmasphuta Siddhdnta) 

32 Zlj-i Harunl (probably Harun ai-Munajjim, an astrologer of Baghdad) 

33 Zlj i Adwdr i Qai d' m (a table containing cycles of conjunctions) 

34 Zlj I Y'aqub bm Td* us (probably hlS Zlj al-Mahlul) 

35 Zlj i Khwdt izml (Muhammad bin Musi Khwarizmi) 

36 Zlj-i Yusufi 

37 Zlj-i Wdfi 

38 Zlj-i Jauzahrayn (a table relating to Jauzahrayn, which are the head and tail of Draco, or the two points 
of intersection of the ecliptic and the orbit of the Moon) 

39 Zij-i Sam ' dnl (according to al-Fihrist Sam 1 an was the commentator of Ptolemy's Canon) 

40 Zij-i Ibn Sahra 

The author acknowledges gratefully the cooperation and assistance provided by Prof S M R Ansari and 
Mr Sahban Ahmad of IHMMR (New Delhi) Thanks are also due Miss Saroj Vermafor typing carefully 
a difficult text Finally he, is especially grateful to Dr A K Bag (INSA, New Delhi) for his patience and 
kindness 
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41 Zy-iAbulFadl Masha* i (probably Mash a’ Allah, the Jewish astrologer Ibn al-Athra) 

42 Zij-i 1 Kasim* 

43 Zij-i Kahb Ahu M *ashar (Latin Abbumaser first an opponent and afterward a pupil of Al-Kmdi and a 
prolific writer) 

44 Zy-i Sanad bin 'All (a renowned astronomer and participant in ai-Mamun's observatory) 

45 Zy-i Ibn-ul A'lam (court astronomer and teacher of Buwahid Prince Adudud Daulah His tables were 
relied upon by Naslruddin Tusi in the preparation of his Zij i llkhani) 

46 Zy-i Shahryatan (the famous Persian astronomical tables of Sasamd Period), translated by al-Tamimi) 

47 Zij-i Awkand (Sanskrit Ahargana Al-Blruni revised its earlier Arabic translation) 

48 Zy-i Ibni-s Sufi (The Epitome Of Ulugh Beg's Tables by Shaikh Muhammad bin Abil-Falah as-Sufi al-Misrl 
with additional tables and notes) 

49 Zy-i Sahlan Kashi 

50 Zy-i Ahwazi (probably the same, who wrote according to al-Fihmt a commentary on Euclid's Kle 
meats) 

51 Zy-i *UrusAbu Ja'far Bus'anjl (not traceable) 

52 Zij-i Abul Fath (the same who according to Hajlkhallfa ammended the Samarqandi Tables) 

53 Zij i ‘ Akkah Rahni (not traceable) 

54 Zij i Qanun-i Mas'udl (of Al-Biruni) 

55 Zy-i Mu'tabar Sanjari (of Abul Fath ‘Abdur Rahman al-Khazini , which he dedicated to the Saljuq Sultan 
Sanjar) 

56 Zy Wajiz Mu'atabar (probably an abridgement of no 55) 

57 Zy i Ahmad bm Abdul Jalii as-Sijzi (an eminent astronomer of mid-tenth century A D who was 
the advocate of helio-centric system among the Muslims) 

58 Zij - 1 Muhammad Hasib Tabri (not traceable) 

59 Zy-i l Adni (or ‘Adani) 

60 Zy-i Asabi‘i 

61 Zy i Taylsani 

62 Zy i Sultan l Ali Khwarizmi (full name of the author was 'All Shah bin Muhammad bin al-Qasim He was the 
author of a table called Shahi He also epitomised Tlkhamc Tables and gave it the name of 'Inulat ul 

llkhama) 

63 Zij-i Takhir (?) Naswi 

64 Zij-i Kirmani 

65 Zy-i l Ala*i Shirwani (full name of the author was Fakhruddln Abul Hasan ‘All bin al-Karlm ash Shirw5m, 
also known as ai-Fahad He was the author of another five tables) 

66 Zij-iZshidi (probably ZahidT, nottraceable) 

67 Zij-i Mustaufi 

68 Zy-i Muntakhab Yazdi 

69 Zy-i Abu Rada’i Yazdi 

70 Zy - 1 Qaydurah (not traceable) 

71 Zy i Iklili 

72 Zy - 1 Nasiri (very probably Of Muhammad bin ‘Umar R3zT and dedicated to NasTruddln Mahmud, son 
Of lltutmish 

73 Zy- 1 Mulakhkhas 

74 Zy-i Dastur 

75 Zy-i Murakkab 

76 Zy-i Mugalla 

77 Zij-i ' Asa 

78 Zy-i Shastalah 

79 Zy-i Hasil 

80 Zy-i ghata*i 

81 Zij-i Dailami 

82 Zy-i Mufrad (a very important zij in Persian) 

83 Zy-i Kamil Abu Rashid (based on AlbatlgniUS* Tables, Zy-i Al-Battani) 

84 Zy-i llkhani (of Naslruddln Tusi) 

85 Zij-i Khaqdni (of Ghiylthuddln Jamshld Kish!) 

86 Zy- 1 Gurgani (i a Ulugh Beg's Tables The author, Ulugh Beg was the grandson of Timor Curganl 
Hence this title. The original title of this zij was Zy-i Jadid Sultan i) 
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APPENDIX - B 

ZijES ENUMERATED BY MULLA FARiD IN HIS Zij-I SHAHJAHANi 

1 Zy-icJanu'ofKushiyar 

2 Zy-i Ballgh of Kushiyar 

3 Zy-i Mufrad of Muhammad Ayyub Tabri 

4 Zy-i Kamil of Abu Rashid Danish! 

5 Zij-i Salar of Husayn Sallr 

6 Zy-i Mughni 

7 Zy-i Mustaufl 

8 Zy-j Muhkam 

9 Zy-i Zahidl 

1 0 Zy-i Takhir of 'Ali Mustaufi Shirwani Bakwahi 

1 1 Zy-i Sanjari of'Abdur Rahman Khazini 

1 2 Zy-i 'Ala'i (which he says was based on Zy i Shlrwmhsh) 

1 3 Zy-i Vmda-i llkhani by 'All Shah Khwarizmi 

14 Zy-i^7io?aniwhlCh wasthe compliment Of llkhani Tables by Maulana Jamshid RIshnI 

15 Zy-i Su&dm’ of Muhammad bin Khwaja'Ali Wamkahiwi 

16 Zi]-i Abu Hamid Ansari 

17 Zlj-iAbidFmhShmi 

18 Zlj-iAbulHmnTusi 

19 Zij-i Kdfilskandan 

20 Zi]‘iAdw3rAhwdr 

21 Zy-i Ashrafi 

22 Zy-i Mini 

23 Zy-i Kashifi 

24 Zy-i Shatiri (may be Zy-i Ibn Skatir) 

25 Zij-i Mazkari 

26 Zy-i Qutbi 
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NOTES AND REFERENCES 


1 At Tasrih, pp 5-1 7 

2 Sharh-i Chaghmini , pp 24-28 

3 Sharh-i Chaghmini , pp 30-31 

4 When QurSmc Verses 111-169 was revealed commending the thinking of those who reflect upon 
natural phenomena such as succession of day and night etc , the Prophet explained "Woe to 
one who recites this verse in between his jaws, but ponders not upon that it implies, thereby 
enjoining upon the faithful and meaningful study of celestial and terrestrial phenomena " 

5 Tabaqat-ul-Umam, p 75 

6 Muruj-ala-Dh ahal wa Ma'adin ul-Jawahir , p 242 

7 Tabaqat-ul-Umam, p 78 

8 Ibid, pp 75, 79 

9 Tarikh-ul Hukama*, p 357 

10 Maqalid l Ilm al-Ha’yat, fol 189a 

11 ibn al-Haytham propounded the theory of solid spheres in place of that of imaginary circles of 
planetary orbits (See Tabsira) 

12 Mu' jam al-Udaba!, p 186 

13 Al-Kdmil fi at-Tarikh, VOl X, p 98 

14 Sharh Chaghmini is still prescribed in the advanced syllabus of astronomy in Arabic Madrasas 

15 Habib-us-Siyar fi Akhbar-i-Afrad-il-Bashar, p 306 

16 Zij-i-Ilkhani 

17 Humayun would, whenever he found time, discuss with his mathematician companion the astro- 
nomical content Of Dut rat ut-Taj by Qutb-ud-din ShlrazI 

18 Many commentaries on Tusl's Tadfrkira by Nizam-ud-din A'raj, and Mir Sayyed Sharif, on Chaghmlnl's 
al-Mulakhkhas fi al-Hay l at by QadI Zadah Rum! and on Tusi!s Zjj i Tlkhdni by Ni{5m-ud din A'raj 
are found in Indian libraries, which signifies that they were generally read or consulted in this 
country 

19 Habib-us-Siyar, Vol III, Part IV 

20 Zij-i Ulugh Beg , fol 2a 

21 Matla'-us Sa'dayn, pp 421-423 
Zij-i Ulugh Beg, fol 2a 
Ibid, fol 2a 

A' in Akbari , Vol I, p 211 
Suaj ul-Istikhraj of Mulla Farid 
Zij-i Shahjahani of Mulla Farid 
Ibid, fol 3a 
Tabaqat-ul Umam , p 78 
Kitab-ul-Fihnst, p 275 
Az-Zij-ul-Kabir-ul Hakimi, p 141 
Tarikh-ul-Hukama' , p 357 
Ibid, p 358 

Tabaqat-ul-Umam, pp 78-79 
Tarikh-ul-Hukama*, p 170. 

Kitdb-ul-Fihist, p 279 
Tarikh-ul-llukamd' , p 280 
Ibid, p 280 
Kitab ul-Fihnst , p 283 
Qanun-i M'asudi, Vol 1, p 124 
Mu'jam al-Udaba Vol XVII, p 186 
Tatikh-ul-Hukama\p 226 
Zij-i-llkhdni 

Dedicated toSultSn Mas'ud, son and successor of Sultan MahmQd of Ghazna. 

Al-Blrunl's letter to one of his friends listing his works This letter has been appended by Sachau to his 
edition Of Al-Athar-al -Bdqiya 
Tarikh-ul-Hukama! , p 245 
Zij-i-Ilkhdni, fol 3a 
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47 Al-Kamil ul-Tawdrlkh , Vol X, p 98 
Tatimma Swan-ul-Hikma, pp 1 61 -68 
Zlj i-Ilkhani, fol 2a 
Ibid, 2a 
Zij-i Khdqani 
Matla ' us-Sa'dayn , p 422 
Zy l Khdqani, fol 2a 

Catalogue of State Central Library (Fihrist Kutab Khanah-i Asafiya) , Vol III, Hyderabad, 1919 But the 
title of the book is simply Zij-i Ulugh Beg, which anomaly needs to be checked by a careful study of 
the text 

Zij-i Jadid Sultdni of Ulugh Beg Curgan, generally known after author's name as Zy- 1 Ulugh Beg It is 
also mentioned by jai Singh in the preface of Zij-i Muhammad Shdhi, as Zy-i Jadid-i Sa 1 id Gurgani 
Matla *- us-Sa ‘ dayn 
Zij-i Ulugh Beg 
Diwan, pp 332-33 
A'in-i Akbari, Vol I, p 211 
Zij-i-Shahjahani, fol 2b, 3a 
Zij i Muhammad Shdhi, fol 1 b 
Mu'jam-ul-Udabd ’, XVII, p 186 
Kitdb al Hind of Al-Blrunl, p 270 
Kitab Tahdid Nihayat al-Amakm, pp 222-23 
Diwan, p 420 

Qiran-us-Sa 1 dayn , pp 164-67 
Tdrikh Firoz Shdhi 
Ibid, p 363 

Sirat-i Firoz Shdhi, Ms No 1 1 1 , pp 294-96 
Kaye (4) 3 

Ulugh Beg's observatory at Samarqand began to be built in 823 A H /1 420 A D whereas Firoz shah 
Bahmanl ordered in 810 A H /1 407 A D for an observatory to be built at Balaghat {vide Farishta 
History of India, Vol 1 , p 31 6) 

Farishta, p 308 

Babai Namah of ZahTruddln Babur, p 412 
Akbar Nama of Abul Fadl, Vol I, pp 120,122 
Ibid, p 128 
Ibid, p 368 
Ibid, p 368 

Dabistan-ul-Madhahib, p 328 
A’ in~i Akbari of Abul Fadl, Vol II, p 221 
Ibid, Vol I, p 82 
Ibid, Vol III, pp 8-60 
Tuzuk-i Jahangir!, pp 307, 329, 335 
' Amal’i Salih, Vol I, p 361 , also Zij-i Shdhjahani fol 2a 
Ma'athir-ul-Kirdm, p 300 
Tadhkira Baghistdn, fol 681 a 

Suwar-ul-Kawdkib (Persian translation), Persian Ms No 31 (Aligarh), fol 1b-2a 

87 At-Tasrih, p 2, it has been lithographed many times, as it is prescribed in the syllabn of Arabic 
Madrasas It is still prescribed as astronomical text-book for 'Alim Examination of U P 

88 Bab Tasrih al-Afldk was lithographed in the early part of this century, but pnnted copies are very rare 

89 Zij-i Muhammad Shdhi, fol 2a 

90 The author commenced its writing on (1 1th of Safar) 1248 A H / A D 1833 and completed it in the 
following year i e A D 1834 The book was pnnted under the personal supervision of the author 
himself in 1835 lithographically at Calcutta 

91 A friend of mine has placed the xerox of the autograph copy of the manuscnpt at my disposal From 
the colophon at the end, it is understood that it was completed in the month of Safer 1 31 1 A H / A D 
1893 

92 Storey, Vol II, pt I, p 52 

93 A'in-i Akbari, Vol I, p 211, Zy No 72 
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94 Storey, Vol II pt I, p 52 

95 Zij i JSmi' 

96 Zij i Jami‘, fol 1b 

97 Ibid, 161 3a 

98 Ibid fol 3a 

99 Ibid, <61 3a 

100 Ibid, fol 3a 

101 Ibid fol 1b 

102 Ibid fol 1b 

103 Ma’athir-i Rahlmi, Vol III, p 9 

104 Ibid , 9 

105 'Amal-t Salih, Vol I, p 361 

106 Rieu, II, p 460 

107 'Amal-i Salih, Vol I, p 361 

108 Zij i Shahjahani, fol 3a 

109 ‘Amal-i SSlih, Vol I, p 362 

110 Rieu, Vol II, p 454 

111 Zij i ShahjahSni, (61 4a 

112 Zy i Muhammad Shahi, fol 1b 

113 ft«f,fol 1b 

114 Ibid, fol 1b 

115 Ibid, fol 2a 

116 Ibid, fol 2a 

117 Ibid, fol 2a 

118 Ibid, fol 2a 

119 /6rrf, fol 81a 

120 Athar-us Sana did, p 31 6 

121 Zy- 1 Muhammad Shahi, fol 81a 

122 /bid, fol 81a 

123 Ibid, fol 82b 

124 Ibid, fol 4b 

125 Nuzhat-ul-Khawdtir , Vol VII, p 350 

126 Jam' BahadUt KhS.nl, p,720 

127 Ibid, p 3 

128 Ziji Bahidui KhSni, | am grateful to Prof S M R Ansari for putting at my disposal his notes and xerox 
of the zij 

129 Ibid, fol 2a 

130 Ibid, fol 2b 

131 ibid, Chapter 7, on Astrology 

132 Rahman et al, pp 323, 377 

133 Old Catalogue of Persian Manuscripts in Rads Library (Rampur), Hay'at No. 1 221 . 

134 Fiht ut Kutab Khana-i Asifiya (State Central Library) Hyderabad, \,Riy&di, No. 112. 

135 Ibid, RiyOdi, p 301 

136 Rahman et al, p 378 

137 Old Catalogue of Persian Manuscripts in Rads Library (Rampur), Hay’at No 1 224. 

138 A photo copy of the autograph copy of the manuscript is with the writer The original was written In 
1892-93 
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The beginnings of the study in European languages of ancient Indian astronomy 
can hardly be fixed with any degree of certainty. Indian astronomy appears to 
have reached Europe through Arabic astronomical literature during the eleventh-thir- 
teenth century. In this transmission Spain played a crucial part. The starting point was 
the preparation of the Arabic version, Az-Zij as Sindhmd (c. 770), of one of the 
Indian siddkantas, possibly VneBrahmasphutasiddhanta of Brahmagupta This work, 
through revisions and refinements by subsequent authors such as al-Fazari, Ya'qub 
ibnTariq, al-Adaml, al-Khwarizml, al-Hasan ibn Misbah, an-NairlzI, al-Majritl, as- 
Saffar and others, exerted considerable influence first among the Eastern Arabs and 
subsequently among the Western Arabs of Spam. 1 Maslama al-Majriti (fl. 1000) of 
Cordova edited al-Khwarizmi's astronomical tables which were translated into Latin 
by Adelard of Bath (c. 1142). 2 Lynn Thorndike published and translated an anony- 
mous fifteenth century Latin MS Ashmole 191 II, in which computations were made 
for the geographical latitude of Newminster, England of the year 1428, using astro- 
nomical parameters and tables (trigonometrical sine table for R = 150) characteris- 
tic of Hindu astronomy. 3 Thus, with the revival of learning In Latin Europe, particularly 
during the active period of translation from Arabic into Latin, certain Hindu astro- 
nomical elements and tradition inevitably passed into Western Europe. 

SEVENTEENTH CENTURY BEGINNING 

Direct study of Indian astronomy on the basis of Sanskrit manuscripts started to- 
wards the end of the seventeenth century when M. de la Loub6re, French ambassa- 
dor in Siam brought to Paris in 1687 a portion of a manuscript containing rules 
for the computation of the longitudes of the Sun and the Moon. The manuscript 
was referred to the celebrated astronomer John Dominique Cassini, then Director 
of the Paris Observatory. The interpretation of the manuscript which did not contain 
any example nor any commentary proved a difficult task and called for, as Bailly put it, 
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all the skill of the great astronomer to extract the correct astronomical elements 4 In 
1691, Cassini communicated the results of his investigations for publication in La 
Loub6re's Relation de Siam, which were reprinted eight years later in the Mgmoires 
of the French Royal Academy 5 

The Siamese manuscript opened with rules for the computation of ahargana or the 
number of civil days elapsed from the beginning of an era up to the date on which the 
mean longitude of the Sun (or the Moon) was desired From the use of the fraction 
11/703 as the ratio of omitted lunar days to the total number of lunar days for the 
epoch, Cassini calculated the length of the synodic month as 29d 1 2h 44m 2 39s (703 
lunar months = 20,760 days) He further established the equivalence of 228 solar 
months (1 9 years) with 235 lunar months, implying that the Metomc cycle was known 
to the compilers of such astronomical rules. From another calculation of the era of 
292207 days during which the Sun underwent 800 revolutions Cassini calculated the 
sidereal year length as 365d 6h 12m 36s, agreeing with the PauliSa value of the year. 
The eclipse calculations suggested to him a place called 'Narsinga' (lat 17° 22' N) in 
the Godavari district in Orissa. Other findings included the period of revolution of the 
Moon's apsis as 3232 days, the Sun's equation of the centre (largest) as 2° 12’ and 
the Moon's 4° 56'. By comparing these elements with those of the Pauli&a-siddhdnta 
in Varahamthira.'sPancasiddhantikd, as summarized by al-Blrum in his/ncfta, James 
Burgess suggested that the Siamese manuscript was based in all probability on the 
Paulisa-siddhanta . 6 


PROGRESS IN THE EIGHTEENTH CENTURY : LE GENTIL TO HUNTER 

Cassini's work marked the recrudescence of an interest in ancient Indian astronomy 
among astronomers as well as scholarly circles in Europe Early in the 1 8th century T. 
S Bayer, in an appendix to his history of the imperial Graeco-Bactrians, furnished 
some information about Hindu astronomy, such as the Sanskrit and Tamilian names 
of planets, days of the week, months, and the twelve signs of the zodiac. 7 This brief 
notice assumed some importance as it was accompanied by a note by Leonard Euler 
on the length of the Hindu year of 356d 6h 12m 30s About this time Beschi, in his 
Tamil Grammar, gave an account of calendar making in Tamil countries and also 
published a Tamil astronomical work under the title Tiruchabei Kamdam. 


LE GENTIL AND BAILLY 

If the notices of Bayer and Beschi went almost unheeded M. Le Gentil's lengthy 
account of Hindu astronomy in th eHistoire de I'Academie Royal des Science and in the 
MGmoires stimulated a fresh interest in the subject. Le Gentil's work on Brahmana 
astronomy was undertaken in strange circumstances. He was a trained observational 
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astronomer, having received his early training at the hands of Delisle at the College 
Royal and Jacques Cassini, Cassini de Thury and Maraldi at the Pans Observatory. 
During the international expeditions for observing the transits of Venus in 1761 and 
1 769 he was deputed to India to observe the transits, important for an accurate deter- 
mination of the solar parallax, but being unlucky to observe the phenomena he spent 
a good part of his stay in India in his researches on Brahmana astronomy. 8 He ob- 
tained his information on various astronomical tables and rules from calendarmakers 
in and around Pondicheri. Some of these tables were taken from the Laghu- 
Aryasiddhanta, a text then extensively used in the Madras Presidency. He dealt in 
detail with the methods of computing eclipses in accordance with the 'Vakyam proc- 
ess', developed originally for the year A.D. 499 but adapted to A D. 1413. In these 
computations, the revolution of the Moon's node was taken to be 6792.36 days and 
the equation of the Sun's centre 5° 1 '. Other features of his study included the names 
of 27 naksatras and identification of the principal stars or star groups associated with 
each of them, the relationship between planetary names and weekdays in which 
Sukravara served as the beginning Le Gentil's method of studying ancient and medi- 
eval astronomy by collecting information from calendar-makers and other practical 
astronomers who memorized various tables, rules and relied upon mnemonic devices 
and reconstructing from them correct astronomical elements and procedures was 
also followed by Warren; and their tables and materials have in the present century 
lent themselves to useful and interesting analysis 

The threads of investigations of Cassini and Le Gentil were then taken up by another 
capable French astronomer M Jean Sylvain Badly (1736-1793) whose Traite de 
VAstronomie Indienne et Orientate served as a classic work on Hindu astronomy for 
many years to come. Badly had not only the advantage of previous studies by his two 
distinguished compatriots, but had also the opportunity of consulting two Sanskrit 
manuscripts which had found their way to Paris.The first was thePancdnga Siromam 
sent by Father Patouillet from India to astronomer M Joseph de Lisle in 1 750 and the 
second procured by the Jesuit Father Xavier du Champ in Pondicheri and sent to de 
Lisle via Father Gaubil in China in 1760. The provenance of the Xavier manuscript 
was at first supposed to be Krishnapuram, but Badly suggested it to be Narsapur or 
Masulipatnam. He also associated the Patouillet MS with Narsapur, but was more 
inclind to relate it to Benares having the same meridian as Narasimhapur whose 
location again was questionable. 8 

The Xavier manuscript gave the epoch from March 10, 1491 and yielded constants 
good for the epoch A.D. 499 (Aryabhata). The equations of the Sun and the Moon 
agreed with those contained in the Surya-siddhdnta. Badly calculated the lunar eclipse 
of July 29, 1730, the longitudes of Jupiter and Mercury for the same date and the 
solar eclipse of July 1731 on the basis of the tables and rules given in the manuscript 
and found the agreement to be good. For the Patouillet manuscript he computed the 
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epoch to be A D. 1 569, although some of the elements conformed to A D. 1 656 The 
text gave the year length as 365d 6h 1 2m 30s, the greatest equations of centre for the 
Sun and the Moon as 2° 1 0' 34" and 5° 2' 26" respectively and tables of anomalies for 
every degree. The earth's diameter was computed as 1600 yojanas, and planetary 
distances were derived from their proportionality to their respective revolution num- 
bers in the yuga by assuming the linear velocity of each planet to be the same. Bailly 
believed in the high antiquity of Hindu astronomy, was struck by the elegance and 
simplicity of its methods and rules, and expressed the view that astronomy had ongi- 
nated in India and was later on transmitted to the Chaldeans and the Greeks 10 Bailly's 
work immediately attracted the scholarly attention of European astronomical and 
mathematical circles Pierre Simon Laplace, for example, showed that the Hindu 
value of 12° 13' 13" as the apparent and mean annual motion of Saturn at the begin- 
ning of the KaliVLiga (3102 B.C.) computed from their tables, agreed closely with the 
value of 12° 13' 14", determined according to modern methods. 11 John Playfair of the 
Edinburg University published a long review of Bailly's studies with appreciative com- 
ments inviting more intensive work on the subject of Hindu astronomy. 12 Although he 
later on entertained doubts about the high antiquity of Indian astronomy as asserted 
by Bailly he freely acknowledged the impact of these early studies in following terms 
: "when the astronomical tables of India first became known in Europe the extraordi- 
nary light which they appeared to cast on the history and antiquity of the East made 
everywhere a great impression; and men engaged with eagerness in a study promis- 
ing that mixture of historical and scientific research, which is, of all others the most 
attractive 1,13 He advocated a systematic search for Sanskrit mathematical and astro- 
nomical works, all manner of descriptions and drawings of astronomical buildings 
(observatories) and instruments found in India, and actual observation of the skies in 
the company of Indian astronomers versed in their own system. 

SAMUEL DAVIS ON THE SURYA-SIDDH ANTA AND JUPITER'S CYCLE 

These ideas and problems were already agitating the minds of other scholars. In 
India the Asiatic Society was recently founded (1784) precisely for carrying on re- 
searches of this kind into the antiquities, literature, history, sciences, arts, crafts and 
manufactures of the peoples of Asia in general and of India in particular. Shortly after 
the publication of Bailly's Traiti de I'Astronomie, Samuel Davis in England procured, 
through Robert Chambers, a copy of the SUrya-siddhanta with a good commentary. 
From the commentary he learnt of the existence of a large number of Sanskrit astro- 
nomical texts, e.g. the Brahmasiddhanta of the Visnudharmottarapurana , the 
Paulastya-, Soma-, Vaii§tha-, Arya-, Romaka-, Para&ara- and Ar§a-siddhanta , 
Grahalaghava, Sakalya Samhita, Siddhantarahasya, Makaranda-sarani, and a few 
others: He carried out a detailed analysis of the text, giving translations of a large 
number of rules, in his study published in the Asiatick Researches, Vol. II., which 
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included the concept of yuga, kalpa and other divisions of time, -Kali, Dvapara, 
Treta and Satya, revolutions executed by each planet in a Mahayuga of 4,320,000 
years, the canon of sines, the model of eccentric circle for converting mean longi- 
tudes of planets into true longitudes He noted variations in planetary motions in 
various texts and observed that discrepancies between textual calculations and ob- 
servations_were corrected from time to time by the method of bija corrections. “Ac- 
cordingly, Aryabhata, Brahmagupta and others", he stated, "having observed the heav- 
ens, formed rules on the principles of former shastras; but which differed from each 
other in proportion to the disagreements, which they severally observed, of the plan- 
ets with respect to their computed places." 14 

The canon of sines, of which Davis gave the tables of sines and versed sines with 
respect to radius equal to 3438', was needed, he clarified, for the computation of the 
equation of the mean to the true anomaly. The eccentric-epicyclic geometncal mod- 
els were pressed into service in Hindu astronomy 'to account for the apparent un- 
equal motion of the planets, which they suppose to move in their respective orbits 
through equal distances in equal times'. The whole computational procedure was 
clearly described with the help of eccentric circle diagrams for solar inequality and 
eccentric-epicyclic model for other planets. 

With regard to the value of 24° as the obliquity of the ecliptic, Davis recalled Lagrange's 
work suggesting the slow variation of this constant with time and expressed his view 
thpt this value true for around B.C 2050, probably resulted from actual observation. 
Previously Bailly had also traversed the same ground and concluded that the Brahmanas 
had determined it by observation about 4300 B.C. Davis also converted the Moon's 
mean distance in 51 ,570 yojanas from the Earth and arrived at 220,1 84 geographical 
miles or 64 j Earth-radius, somewhat wide of the mark from the modern value (226,000 
miles at perigee and 252,000 miles at apogee). Davis' researches on the Surya- 
siddhanta proved extremely useful to later investigators, e g Burgess, and James 
Burgess did not exaggerate much when he characterized his ‘On the astronomical 
computations of the Hindus' as 'a model of what such an essay ought to be'. 15 

Davis exhibited similar analytical approach in dealing with the subject of the twelve 
year cycle of Jupiter, which appeared in the third volume of {heAsiatick Researches in 
1792. This work was stimulated by an erroneous conclusion of William Marsden that 
Brhaspati's year coincided with the ordinary year. 16 Davis utilized materials from the 
Aryabhatiya, Varahamihira, Siddhanta-^iromani and Jyotistattva, In India a Jupiter's 
cycle of sixty years was widely followed. In this cycle the length of Jupiter's year is 
measured by the time taken by this planet to travel through one sign of the zodiac, 
which is 361d Oh 38m or with the bija correction 361d Oh 50m. This value nearly 
agrees with the solar year. A cycle of sixty such years during which the planet under- 
goes five whole revolutions was adopted as a measure of time. A twelve-year cycle of 
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Jupiter, that is, the time of one sidereal revolution of the planet was also adopted. 
Davis treated at some length of the sixty year cycle discussing rules given in the Arya- 
siddhanta and the Surya-siddhanta for the computation of the planet's position in 
signs at any given date. He also gave the name of each individual year in this cycle, 
e.g. 1. Vijaya, 2. Jaya, 3. Manmatha, ... 60. Nandana. 17 

WILLIAM JONES ON THE HINDU ZODIAC 

The Zodiac and the question of its antiquity attracted the attention of the noted orien- 
talist William Jones who argued that it was an indigenous development 18 Montucla, 
the celebrated French historian of mathematics expressed the view that the two divi- 
sions of the zodiac, one in twentyseven lunar mansions resembling the Arab mandzil 
and the other in twelve signs of the zodiac to mark the passage of the Sun through the 
celestial sphere, were possibly transmitted to India through Arab intermediaries Jones 
tried to show 'that the Indian zodiac was not borrowed mediately or directly from the 
Arabs or Greeks and since the solar division of it in India is the same in substance 
with that used in Greece, we may reasonably conclude that both Greeks and Hindus 
received it from an older nation'. Jones' arguments were based on information 
obtained from Brahmana astronomers and also from SrTpati's Ratnamala containing 
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Fig. 3 1 (Contd.) Hindu Lunar mansions 

the names of twelve signs beginning with Mesa and ending with Mina and describing 
each sign, e g the ram, bull, crab, lion and scorpion representing five animals bear- 
ing these names, the pair showing a damsel playing on a vma and a youth wielding a 
mace, the virgin standing on a boat in water holdings one' hand a lamp and an ear of 
corn in the other, Tula representing a balance held by a weigher, and so on. A dia- 
gram showing twelve signs in an outer circle, nine planets (including Rahu and Ketu) 
in an inner circle and Mount Meru with four cardinal directions in the centre was 
appended. On the basis of the same Ratnamala Jones listed and described twenty- 
seven naksatras plus Abhijit, equivalent to Arab manSzils; these were headed by 
ASvinT and terminated by RevatT. Companng the members of the two systems and the 
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ORIENTAL ZODIAC 



Fig. 3.2 Hindu Zodiacal Signs 


number of stars associated with them, he observed that there was hardly any agree- 
ment between the two systems. More importantly, twenty-seven nak$atras were men- 
tioned in Manu's Institutes, and he quoted his Brahmana informants that some of them 
Were listed in the Vedas, 'three of which', he firmly believed from internal and external 
evidence, to be more than three thousand years old'. Thus started a great contro- 
versy on the antiquity of the zodiac and the priority of its invention which razed through- 
out the nineteenth century involving some of the best orientalists and historians of 
astronomy of the time. He also discussed the Hindu conception of the oscillation of 
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the vernal equinox from the third of Mina (Pisces) to the twenty-seventh of Mesa 
(Aries) in the period of 7200 years and suggested that equinox observations had been 
made as early as B C. 1 1 81 . 


JOHN BENTLEY ON THE SURYA-SIDDHANTA AND ITS DATING 

The high antiquity of Hindu astronomy advocated by Bailiy, Playfair and Jones on the 
basis of their astronomical epochs and supposed observations millennia before the 
Christian era did not remain unchallenged for long. In 1799 John Bentley published in 
VneAsiatick Researches a study on the antiquity of the Surya-siddhanta and the for- 
mation of the astronomical cycles contained therein. 19 By utilizing the internal evi- 
dence of the text and making calculations on the basis of its own elements Bentley 
concluded that the Surya-siddhanta could not have been composed earlier than A.D. 
1091. The text indicated that at the commencement of the Kali Yliga era (February 
17-18, 3102 B.C.) all the planets were in conjunction at the first point of the Hindu 
sphere, and it was asserted that such a phenomenon was then actually observed 
Bentley determined from the ephemerides positions of the planets from the (first 
point of the) Hindu sphere. These positions together with the longitudes reckoned 
from the vernal equinox and the data given by Bentley and Bailiy are shown in Table 
3.1 It at once became clear that the planets were not in conjunction at the beginning 
of the Kali Yuga, and such long eras could not have been determined on the basis of 
observations.This point has been discussed recently by Van derWaerden and others, 
to which a further reference will be made in what follows. Even if the mean positions 
were determined by actual observations at a more recent date the assumption of 
conjunction at the beginning of the Kali Yuga was destined to introduce serious errors 
after the lapse of long enough time. 

Table 3.1 . Planetary positions on the midnight of February 17-18, 3102 B C for the 
meridian of Ujjayini (Burgess (E), 1. 29-34, notes) 


Planet From beginning Longitude Bentley Bailiy 
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Later astronomers were aware of this difficulty and invented the method of bija 
correction By this correction the original revolution numbers of the planets were 
suitably altered so that the figures were still divisible by 4 and the system admitted of 
operation with the lesser period, that is, one-fourth of the Mahayuga Davis inciden- 
tally discussed the blja correction, but Bentley showed that such a correction was not 
introduced before the sixteenth century. 

Bentley then agreed that if the date of conjunction in the past was determined by 
working backwards resulting in greater computed errors in planetary positions it would 
be possible, by similar calculations, to arrive at a period when computed positions of 
the planets would more or less agree with observed values. If such a period could be 
found it would obviously answer for the period of composition of the treatise in ques- 
tion Bentley went through the laborious exercise and gave his results in the form of a 
table (Table 3.2). 

Table 3 2 . Bentley's table of errors in the positions of the planets as calculated for 
successive penods according to the Surya-siddhsnta (seconds omitted) 


Kali era 0 K 1000 K2000 K 3000 K 3639 K4192 When 

Planet B.C. 3102 B.C. 2102 B.C 1102 B.C. 102 A.D. 538 A.D 1091 Correct 
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Averaging the results he arrived at A D. 1091 as the possible date of composition of 
the Surya-siddhanta 

Bentley's approach was scientific and argument convincing but this could not be the 
sole criteria for determining the date of an astronomical work. He was misled by 
Satananda's statement in his Bhasvati that he was a disciple of Varahamihira, be- 
lieved that the latter was the author of the Surya-siddhanta and accordingly sug- 
gested that both the author and his work belonged to the eleventh century A.D. 
William Jones had already placed Varahamihira around A.D.499. Bentley's conclu- 
sion generated adverse criticism from scholars who had admired Bailley's work and 
did not like to see the latter work thus relegated to the background. An anonymous 
review of Bentley's work in the Edinburgh Review strongly criticised his conclusions 
and methods to which Bentley replied with equal vehemence and bitterness in the 
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Asiatick Researches Embittered by acrimonious controversy, Bentley refrained from 
publishing further studies, but continued to work on the historical development 
of the subject by his method of errors. These studies vitiated somewhat by his attacks 
on those who disagreed with him were published posthumously in the form of a 
book Historical View of the Hindu astronomy (1825). 


ASTRONOMICAL OBSERVATORIES 

The eighteenth century travellers, scholars, astronomers, and scientists of all sorts 
spending some time in India did not fail to take notice of the astronomical labours of 
Raja Sawai Jai Singh and the observatories he built at Jaipur, Delhi, Ujjayini and 
other places Joseph Tieffenthaler (1710-1785) who lived in India from 1743 to 1785 
and wrote his description on India (French translation by Jean Bernoulli underthe title 
Description Histonque et Geographique del'lnde, Berlin, 1 786) left an account Of the 
observatories at Delhi, Mathura, and Jaipur. The observatory built at Delhi by the 
Raja more or less on the plan of the Jaipur observatory had an equinoctial dial, a 
gnomon and several other masonry devices for observations, of which the most con- 
spicuous was a pair of round (cylindrical) buildings graduated in hours. In Jai Singh's 
time this part of Delhi was fairly an open country free from obstructions from high- 
rise buildings and monuments and suitable for astronomical observations. The Mathura 
observatory was built on a hillock commanding a vast plain all around Its pnncipal 
equipments were a gnomon built of brick and lime and representing the axis of the 
earth, an equinoctial dial, and several other instruments representing various sec- 
tions of the sphere. The Jaipur observatory, Tieffenthaler wrote, was however the 
most remarkable of them all, 'un ouvrage tel qu'on n'en voit jamais vu dans ce contrSes, 
et qui frappe d'Stonnement par la nouveaut6 et la grandeur des instrument. 20 This 
observatory, like the others, was equipped with several masonry instruments, a large 
number of them being various sections of the celestial sphere, equinoctial dials, hori- 
zontal sun-dial, the quadrant, the gnomon and a number of astrolabes. The imposing 
gnomon, the axis of the earth, was seventy royal feet in height Some of these instru- 
ments were superficially described more with a view to excite wonder than scientific 
cunosity. 

Shortly after Tieffenthaler, W. Barker, Commander-in-Chief of the Bengal Army 
examined more critically and carefully the astronomical instruments of another 
observatory of Jai Singh at Benares. 21 About 1797 William Hunter, a surgeon with the 
British Army in India and an amateur astronomer studied the astronomical works of 
Jai Singh, reported on the contents of an astronomical zy dedicated to Emperor 
Muhammad Shah, and gave a more detailed account of some of the instruments of his 
observatories. Jai Singh had studied Hindu astronomy and mathematics and his repu- 
tation in these sciences was so high that he was chosen by the Emperor to reform the 
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calendar In this assignment the astronomer king constructed a new set of tables, the 
Zij Muhammadshahi, in the preface of which Hunter gave an elegent English trans- 
lation side by side with the Persian original. About the observatory at Delhi, Jai Singh 
informs us in this preface that he 'constructed here (at Delhi) several of the instru- 
ments of an observatory, such as had been erected at Samarcand, agreeably to the 
Musulman books' Furthermore 'But finding that brass instruments did not come up 
to the ideas which he had formed of the accuracy, because of the smallness of their 
size, therefore, he constructed in Dar-ul-Khelafet Shah-Jehanabad, which is the 
seat of empire and prosperity, instruments of his own invention, such as Jeypergas 
and Ram-junter and Semrat-junter, the semi-diameter of which is of eighteen 
cubics,.. 122 Besides the Samrat Yantra, Hunter described several other instruments 
such as an equinoctial dial provided with a gnomon in the middle and two concentric 
semi-circles on either side of it; an instrument named ustuanah designed to observe 
altitudes and azimuths of celestial bodies, an equatorial dial with a concave hemi- 
sphencal surface 27'5" in diameter, called the shamlah, and several others. The 
shamkth, representing the interior hemisphere of the heavens, was divided by fixed 
ribs of solid work and as many hollow spaces, the edges of which represented merid- 
ians at the distance of 1 5 degrees from one another. 

INDIAN ASTRONOMY IN THE NINETEENTH CENTURY 

COLEBROOKE ON THE ZODIAC, PRECESSION OF THE EQUINOXFS, 
CHRONOLOGY OF ASTRONOMERS 

The appearance of Henry Thomas Colebrooke who combined the qualities of an able 
mathematician with those of an expert orientalist signalled a new period of fruitful 
activity in understanding the history of ancient Indian astronomy. Armed with size- 
able collection of Sanskrit mathematical and astronomical texts and commentaries, 
he reexamined the stellar zodiac question, the precession of the equinoxes, and the 
dating of the leading authors and commentators, apart from his major contribu- 
tions to the elucidation of the mathematics of Brahmagupta and Bhaskara II. 

Colebrooke revived William Jone's question regarding the antiquity of the stellar 
zodiac and particularly asked the question whether the Indian and the Arabian 
division of the zodiac had a common origin. He examined and considered the 
positions of the principal stars, yogatara, of the naksatras and lunar mansions as 
given by the Surya-siddhanta, Siddhanta Siromani ( Maricl ), Grahalaghava, 
Brahmagupta (as cited by Bhudhara), besides the Ratnam&ld, previously utilized by 
Jones He discussed the ancient Indian methods of observing the positions of stars 
with the help of an armillary sphere, as described in the Surya-siddh&nta, and an- 
other method elaborated in the Siddhanta Sundara. Ptolemy had also used armillary 
spheres for astronomical observations, but by comparing the description of the Greek 
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instrument as given in Nasir al-Dm al-Tus?s Tahnru'l-majesti with that of the Indian 
one as described in the Siddhanta Siromani, Colebrooke concluded that the two 
instruments differed in many details and the one was not the copy of the other. 23 

Each naksatra was then compared with the corresponding marnil. In the case of 
Asvin i , for example, the naksatra comprises, according to Sanskrit texts, 'three stars 
figured as a horse's head; and the principal which is also the northern one, is stated 
by all ancient authorities, in 10°N and 8°E from the beginning of Mesa'. The first 
Arabian manzil, Sharatan, 'comprises two stars of the third magnitude on the head of 
Aries, in lat. 6°36' and 7°51'N and long. 26°13' and 27°7'. .'.The principal star in the 
two constellations is apparently the same Likewise the Arabian Dabaran is identical 
with the Indian RohinT But such is not the case with Abhijit and Zabih, where a total 
disagreement is noticed. From such comparisons he concluded that the Indian 
asterisms generally consisted of nearly the same stars which constituted the lunar 
mansions of the Arabians, but in a few instances they essentially differed. Likewise 
the similarities of figures and designations of the twelve signs of the zodiac with those 
of the Greek appear to suggest that the Hindus might have taken from the Greeks the 
hint of this mode of dividing the ecliptic, but 'if such be the origin of it,' remarked 
Colebrooke, they have not implicitly received the arrangement suggested to them, 
but have reconciled and adopted it to their own ancient distribution of the ecliptic into 
twentyseven parts.' 24 For many years to come Colebrooke's study constituted the 
chief source of information of the Indian naksatra vis-a-vis the Arabian manzil till the 
controversy was further enlivened by the researches of Biot claiming greater antiquity 
for the Chinese Asms. 

More importantly, Colebrooke recognized that Varahamihira’s drekkaims, used in his 
Brhajjataka, were equivalent to the decani of European astrologers.The drekkaim is 
one-thud of a sign to which is allotted a regent exercising planetary influence. Each 
sign of the Arabian zodiac is also similarly divided into three parts, each called a 
uieyeA.This is an astrological concept which originated with the Babylonians and the 
Egyptians and passed on to the other countries, — Greece, India. The Greek decani 
were discussed in Mamlius, Hephaestion, Firmicus, and Psellus, and the Sansknt 
equivalent, Colebrooke thought, came from the same source (see Pingree's 
Yavanajataka discussed later). ‘In the present instance', he observed, 'Varaha Mihira 
himself, as interpreted by his commentator, quotes Yavanas... in a manner which 
indicates that the description of the drekkanas is borrowed from them'. 25 This com- 
mentator Bhattotpala and others frequently cited the name of one Yavanacarya, and 
Colebrooke suspected that under this name a Grecian or an Arabian author was 
probably intended. He even suggested that if the work attributed to him could not be 
recovered it would be worth-while to collect all passages in which Yavanacarya was 
cited to throw further light on this important point. David Pingree's recent works to 
which we shall refer in what follows shows how good Colebrooke's informed guess was. 
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Colebrooke followed up his work on the division of the zodiac by a study of the notion 
of Hindu astronomers concerning the precession of the equinoxes. He traced the 
precession idea in Bhaskara I I's Siddhanta-hromam (Goladhyaya ) , SUrya-siddlianta, 
Soma-siddhanta, Laghu-vasistha, Sakalya-samhita, ParaSara-samhita, and a few 
other texts. Two ideas were current, — the retrograde revolution of the equinoxes 
throughout the twelve signs, and the other a libration or oscillation of the two equi- 
noxes about the fixed points with certain limits of degrees. Besides these two basi- 
cally different ideas, there was also considerable divergence of opinion on the ques- 
tion of the rate of precession. The first idea of precession as a revolution through the 
twelve signs was advocated by Bhaskara II ( Goladhyaya , c b.V. 17 and 18) on the 
authority of Mufijala; the krantipata, the intersection of the ecliptic and the equinoc- 
tial circles is declared to undergo 30,000 revolutions in a kalpa Colebrooke then 
notices passages in the Surya-siddhanta, Soma-siddhanta, Laghu-vasistha and 
Sakalya-samhita, which also teach a motion of the equinoxes, such motion being of 
the nature of a libration within the limits of 27 degrees east as well as west from the 
Hindu fixed points (beginnings of Aries and Libra) 26 These librations take place at the 
rate of 600,000 in a kalpa The siddhantas of ParaSara and Aryabhata also advocate 
similar doctrine but their revolution values are slightly less As to limits of libration 
Aryabhata gave 24° east and west of the fixed point Brahmagupta was silent about 
the' processional motion As to the two views, the majority of Indian astronomers 
adhered to the libration theory of the Surya-siddhanta. 

Colebrooke then discussed the libration or trepidation theory as developed by the 
Arab astronomers (Arzacel, Thabit ibn Qurrah), the limits in degrees of oscillations 
and their periods Although somewhat out of place in this paper some of the special 
features of the eccentric-epicyclic models of planetary motions were pointed out The 
eccentric model had already been used by Hipparchus, and Apollonius was credited 
with the invention of the geometry of epicycle on a deferent. Ptolemy adopted the 
same models to account for planetary inequalities, but introduced the new concept of 
the ‘equant 1 which is absent in the Hindu treatment. What is striking, Hindu astrono- 
mers sought better accuracy by giving 'an oval form to the eccentric or equivalent 
epicycle, as well as to the planet's proper epicycle'. 27 

Colebrooke's Algebra, with Arithmetic and Mensuration from the Sanskrit of 
Brahmegupta and BhSscara was mainly concerned with the exposition of mathemat- 
ics as dealt with by these two celebrated authors. But the dissertation with which he 
prefaced the work contained many valuable glimpses on Indian astronomy as also 
a critical discussion ofthe dating of ancient astronomers and their commentators. In 
Colebrooke's time Aryabhata was known through references contained in 
Brahmagupta's works and those of Bhaskara il's scholiast Ganela and a few other 
commentators. Aryabhata was also known to the Arabs under the abbasid Khaliphs 
as 'Arjabahar 1 or Arjabhari. Piecing together such scattered and scanty information on 
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this ancient astronomer Colebrooke suggested that Aryabhaja preceded Brahmagupta 
and Varahamihira by several centuries and further that, if Varahamihira lived at the 
beginning of the sixth century A D. Aryabhata could have wntten ‘as far back as the 
fifth century of the Christian era and was almost as ancient as Diophantus. 128 In all 
this he was guided to some extent by the chronology collected by William Hunter from 
the astronomers of UjjayanT, which placed some of the ancient Hindu astronomers as 
follows : Varahamihira — A.D. 505-6 ; Brahmagupta — A.D 628-9; Mufijlla — A.D. 
854; Bha^totpala — AD 890; Bhaskara II — A D. 1 1 50-1 . Colebrooke also correctly 
noticed Aryabhata as the author of an astronomical system and founder of a sect in 
that science, mentioning, in particular, his view about the diural revolution of the 
earth, his epicyclic planetary theory and his theory of eclipses disregarding imaginary 
dark planets of the mythologists and astrologers 29 

Colebrook possessed a manuscript copy of B'rahmaQU'pX&'sBrahmasphutasiddhdnta, 
which he interpreted as an emended text of an earlier system known as the 
Bmhmasiddhanta which had ceased to agree with astronomical observations He 
gave the date of this work as A D 628 corresponding to §aka 550. Although 
Brahmagupta's mathematics was dealt with in detail in his Algebra, his vanous astro- 
nomical topics were briefly summarized in the Dissertation 30 Finally Colebrooke pro- 
vided a wealth of information about the scholiasts of Bhaskara, many of whom were 
well-known authors and commentators of astronomical works during medieval times, 
— Gangadhara, Jnanaraja, Suryadasa, Nrsimha, LaksmTdasa, Ganesa, Ranganatha, 
Munlsvara and Kamalakara. 


JOHN WARREN ON THE TAMIL RECKONING OF TIME 

Lt. Colonel John Warren of the Trigonometrical Survey of India prepared, during the 
first quarter of the nineteenth century, a number of memoires on the various modes 
according to which astronomers of India, specially of the southern provinces, used to 
divide time. Although his main purpose was to explain the Indian calendars, and not 
to provide a critical exposition of Indian astronomy, his work proved useful in under- 
standing the present extent of our knowledge in Hindu astronomy in these southern 
provinces' The main discussion and tables centred round three distinct subjects, e g. 
(a) Tamil solar year on the authority of XheAryasiddhanta, (b) lum-solar astronomical 
year and the calendar of theTelengana countries according to the Surya-siddhanta, 
and (c) the Muhammadan calendar on the Arabic system. Accordingly, the whole 
book entitled Kola Sahkahta (a compendium on the doctrine of time) comprises four 
memoirs and an appendix containing several explanatory notes and tables. The first 
memoir discusses the mean solar sidereal year (madhyama soura mdna) used in 
Tamil land The second deals with the theory and construction of the luni-solar astro- 
nomical year ( siddhanta candra mdna), on which rests the whole fabric of Hindu 
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astronomy; here the computation of different elements is explained on the basis of 
the rules given in the Surya-siddhanta and at the same time the problems of the 
gnomon, and applications of trigonometry in finding right ascension, declination, lon- 
gitude, zenith distance and amplitude of stellar bodies are fully demonstrated The 
Indian cycle of sixty years is the subject of treatemnt of the third memoir, in which 
three different methods, — the first according to the Surya-siddhanta, the second on 
the basis of an astrological work current in the northern provinces of Bengal and the 
third followed inTelengana countries, are explained The fourth memoir is devoted to 
the construction of the Muhammadan lunar year and the compilation of a general 
table showing the commencement of every year of the Hejira from the origin of the 
era to the lunar year corresponding to A D. 1900. 31 

An interesting feature of the work is an exposition of the solar or vakyam process 
applied for the computation of eclipses The elements from which the vakyam rules 
and tables are constructed are extracted from the Arya-siddhanta. The most re- 
markable difference between the vakyam process and that of the Surya-siddhanta', 
Warren explained, ‘is that the computations of the former are directly for the appar- 
ent, without previously obtaining the mean places of the asters, and that these refer 
to the time of sun rising, instead of mean midnight, as is directed in the Surya- 
siddhanta' 32 


C. M. WHISH ON INDIAN ZODIAC 

That the concept of dividing the zodiac into twelve signs was influenced by the Greeks 
was already suspected by Colebrooke despite William Jone's assertion in favour of an 
indigenous origin. C.M Whish utilized materials from Varahamihira and a commen- 
tary Prabhodana on SrTpati's Ratnamala, in which one YavaneSvara is again men- 
tioned, to show that a large number of technical terms typical of Greek astrological 
literature found their way into Sanskrit astrological works. As an example, he cited 
the names of the twelve signs of the zodiac as follows : Kriya (Kpioz) — Arles; Tavuri 
orTambim (Tavpoz) — Taurus; Jituma (AiSu/iog) — Gemini; Kulira orKarka (Kapkivoq)- 
- Cancer, Leya (Ae<JX>) — Leo, Pathona ( napGevoi ;) — Virgo; Juka (. Zvyov ) — Libra; 
Kaurypa (JJtopnioz) — Scorpio; Tauksika (To&ttiz) — Sagittarius; Akokera 
('AvyokepoJz) — Capricornus; Hrdroga (TSpoyoog) — Aquarius; Ittha ('Ix&s) — 
Pisces. 33 Likewise Varaha's Horn Sastra transliterates some of the Greek planetary 
names as follows : Heli (“HA iog) for the sun, Himna (' Eppriz ) for Mercury, Ara {"Aprjz) 
for Mars, Kona (Kpycg) for Saturn, Jyaus (Zevz) for Jupiter and Asphujit {'AtppoSirrj) 
forVenus. Apart from the names of the zodiac and a few planets, several Greek terms 
used in geometry, astronomy and astrology were adopted almost without change in 
Sanskrit writings, of which the following are a few examples : — apoklima —declina- 
tion; dreskaria, drkana, drkkana or drekkana — the chief of ten parts (out of thirty) of a 
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sign, already discussed by Colebrooke; durudhara — the 1 3th yoga; harija — horizon; 
hibuka — the 4th lagna or astrological house; hora — hour, 24th part of a day; jamitra 

— diameter, the 7th house; kendra — anomaly, argument of an equation; kona — 
angle; Trikona — triangle, lipta — a minute of arc; mesurana — meridian; panaphara 

— rising, also 2nd, 5th, 8th and 11th houses Etymologically none of these words 
appear to be of Sanskrit origin Weber who also went over these terms expressed the 
view that these were used in the same sence in which Paulus Alexandrinus applied 
them in his Eisagoge 34 


LANCELOT WILKINSON AND BAPODEVA SASTRI'S STUDY OF 
BHASKARA ll'S ASTRONOMY, JERVIS ON INDIAN ASTRONOMY, 

AND HOISINGTON'S ORIENTAL ASTRONOMER 

Between 1830 and 1850 some important contributions to the study of ancient 
Indian astronomy included the translation by Lancelot Wilkinson and Bapudeva SastrT 
of part of Bhaskara IPs Siddhanta-Siromani, Capt. J. B. Jervis 1 papers on metrology 
and calendars, J. B Biofs work on the antiquity of lunar mansions, particularly of the 
Chinese hsius and the Indian naksatras, and Rev. Hoismgton's work on Tamil as- 
tronomy. Wilkinson who spent some time in Sehore in Central India was a great 
enthusiast of Indian astronomy and advocated the teaching of science in schools with 
the help of Sanskrit text books like Bhaskara's Siddhanta-siromani 35 In this connec- 
tion he gave a translation of portions of the text. Later on with the assistance of 
Bapudeva SastrT, he published the Goladhyaya section of the & iromani and subse- 
quently a translation with notes. A Marathi translation of the work Siddhanta-siromam- 
tika had already appeared from Bombay (now Mumbai) in 1837 as had done the 
same work with the commentary Siddhanta-siromam-prakaia from Madras in the 
sameyear.ln 1844, E. Roer published a Latin translation ofBhaskara IPs Ganitadhyaya 
in the Journal of the Asiatic Society of Bengal . 36 

Capt. J B. Jarvis' work on Indian Metrology drew largely upon Indian astronomical 
texts, e g. Brhat Cmtamani and also dealt with Hindu Pahcangas (calendar) Rev H 
R Hoisington's The Oriental astronomer comprised a Tamil text on calendrlcal as- 
tronomy and a translation and proved useful in understanding the computational meth- 
ods followed in Indian almanacs current in Tamil countries. Biot gave a good sum- 
mary of the work in his Etudes sur I’astronomie indienne et sur I'astronomie chinoise 37 
Biot had already stirred the scholarly world by his views on the Chinese origin of the 
lunar mansions, expressed in a series of papers originally published in the Journal 
des Savants in 1840 and 1845 and initiated a controversy on the question of the 
priority of invention of the stellar zodiac which came to a head in the sixties of the last 
century, to which we shall revert in what follows. 
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TRANSLATION OF THE SORYA SIDDHANTA 

By the middle of the century it became possible to form on the basis of pioneering 
studies by men like Le Gentil, Bailly, Davis, Jones, Colebrooke, Bentley and others, a 
good idea as to the contributions of ancient Hindus to the science of astronomy 
These contributions established the authority of the Surya-siddhanta as the astro- 
nomical work par excellence, accepted unanimously by all the leadingjyofisa schools 
in India. Yet the entire work, in original Sanskrit text as well as in English translation, 
was not available for easy reference and study In 1 859, the Asiatic Society of Bengal 
whose publication, the Asmtick Researches had already provided the forum for schol- 
arly discussions on the subject, partially fulfilled this need by publishing the Sanskrit 
text with a commentary Gudharthapraka&ika under the editorship of Fitz Edward 
Hall and Bapudeva SastrT in the Bibliotheca Indica series. 38 The following year ap- 
peared the long awaited English translation of the text with copious explanatory and 
historical notes of inestimable value. The translator Rev. Ebenezer Burgess was a 
devoted American missionary who lived in India in the Bombay Presidency from 1839 
to 1854 and was attracted to the Sanskrit astronomical literature in connection with a 
project concerning 'the preparation, in the Marathi language, of an astronomical text- 
book for schools'. He quickly realized that 'there was nothing in existence which showed 
the world how much and how little the Hindus know of astronomy, as also their mode 
of presenting the subject in its totality, the intermixture in their science of old ideas 
with new, of astronomy with astrology, of observation and mathematical deduction 
with arbitrary theory, mythology, cosmogony, and pure imagination'. This deficiency, 
he thought, could well be supplied by the translation and detailed explanation of a 
complete treatise of Hindu astronomy. As the project took shape the American Orien- 
tal Society expressed interest in the work, and its Committee of Publication extended 
every cooperation and assistance towards the completion of the manuscript. The 
distinguished orientalist Prof. Whitney was associated with the work to enrich the 
translation with notes and additional matter of value. Hubert A. Newton, Professor of 
Mathematics at the Yale College, New Haven supplied the mathematical notes and 
demonstration as also several comparative studies of Hindu and Greek astronomical 
questions.Thus was accomplished, as Biot remarked, a noble work of scholarship of 
positive science, a very difficult work calling for indefatiguable devotion, which almost 
spared nothing to facilitate an intimate understanding of the mysteries of the astro- 
nomical science of the Hindus. 39 

In addition to the notes in full utilization of previous studies, the translation was ap- 
pended with additional notes and tables, calculation of eclipses, and a stellar map. As 
to the manuscripts relating to astronomical works made available to Burgess by the 
Pundits of the Sanskrit College at Puna, we are informed of the following 1 9 siddhantas, 
e.g. Brahma, Surya,Soma, Vaii$tha,Romaka,Paulaitya, Brhaspati, Garga, Vyasa, 
Paraiara, Bhoja, Varaha, Brahmagupta, Siddhanta-Siromani, Siddhanta sundara, 
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Tattva-viveka, Sarvabhauma, Laghu-Arya, and Brhat-Arya Nine siddhantas men- 
tioned in the Sanskrit encyclopaedia, &abdakalpadruma, were also referred to, viz. 
Brahma, Surya, Soma, Brhaspati, Garga, Narada, ParaSara, Paulastya, and 
VaSistha Burgess divided these works into four categories, e.g. (1) siddhantas re- 
vealed by superhuman beings, — Brahma, SQrya, Soma, Vrhaspati, Narada; (2) works 
attributed to sages, — Garga, Vyasa, Parasara, VaSistha etc.; (3) works by ancient au- 
thors whose dates in some cases might be uncertain, — Arya, Varaha, Brahma, Romaka, 
Bhoja, and (4) later texts of known date and authorship, but of less independent and 
original character, — Siddhanta-Siromani, Siddhanta sundara of Jnanaraja, 
Grahalaghava, Siddhanta tattvavweka etc. 

Burgess maintained that, as far as the mean motions of the planets, the date of the 
last general conjunction and the frequency of its recurrence were concerned, the 
system of the Surya-siddhanta agreed with that of the Sakalya-samhita, the Soma 
and Vasistha-siddhanta, following the view of Bentley. Paulina and Laghu-Arya- 
siddhantas also follow a more or less similar system Planetary revolution numbers 
in an age sometimes differ from those of the Surya-siddhanta, but this difference is 
by a number which is a multiple of four. Siddhanta-Siromam and other works, follow- 
ing the authority of Brahmagupta, have somewhat different system.The starting point 
of planetary motions is \ Piscium at the commencement of the /Eon or Kalpa 
(4,320,000,000) so that they are again in conjunction at the end of it. Even then all 
systems take particular care that all planets are also in conjunction or nearly so at the 
beginning of the Kali Yuga at the moment of mean sun-rise at Lanka This is illustrated 
by a table of mean places of planets at 6 A M at Ujjayin! on February 1 8, 3102 B.C. 

Burgess and Whitney believed that the scientific aspects and parameters of the Surya- 
siddhanta were based on Greek astronomical sources. Observational astronomy in 
India had not been developed to such an extent as to make possible generation of 
data indispensable for such computations and improvements upon them from time to 
time In their view, Hindu astronomy as 'an offshoot from the Greek, planted not far 
from the commencement of the Christian era, and attaining its fully developed form in 
the course of the fifth and sixth centuries'. This transmission probably took place in 
connection with the lively maritime trade between the Western coast of India and 
Alexandria in the first centuries of the Christian era. Had the transmission taken 
place by way of Syrian, Persian and Bactrian Kingdoms, Rome would not have so 
prominently featured in the astronomical literature. Whitney and Burgess, however, 
failed to notice in the Surya-siddhanta or other authoritative texts traces of Ptolemy's 
improved system and explained this on the ground that the transmission had probably 
taken place before the time of Ptolemy. The discovery of the manuscripts of 
Pahcasiddhantika by Varahamihira and their study by G. Thibaut and Sudhakara 
Dvivedi, as we shall see in what follows, have thrown further light on this question by 
making available a number of astronomical texts typical of the transitional period. 
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CONTROVERSY ABOUT THE ORIGIN OF LUNAR MANSIONS 

We have seen that the Indian stellar zodiac had been the subject of an important 
discussion among the onentalists since the time ofWilliam Jones Although the Greek 
origin of the division of the zodiac into twelve signs was generally admitted, the orien- 
talists were almost unanimously agreed about the Indian origin of the naksatras or 
twenty-seven lunar mansions. In 1840, J B Biot, a member of the French Academy 
of Sciences published in the Journal des Savants a study on ancient Chinese as- 
tronomy in commemoration of the distinguished sinologist Ludwig Ideler, 40 in which 
he endeavoured to show that the lunar mansions had their origin in China and that the 
Indian naksatras were adopted from the Chinese system for astrological purposes 
To summarize Biot's conclusions, (1 ) the system was first established in China around 
2350 B C. and completed and perfected about 1100 B C ; (2) originally the Chinese 
hsiu stars were a series of single stars spread more or less along the equator, with- 
out any relation with the moon, and employed for determining meridional transits of 
heavenly bodies; (3) eastern nations, including India borrowed the system from China, 
distorted it, and applied it to demarcate the ecliptic, by utilizing a few chance coinci- 
dences although the system was never intended for such application In his Etudes 
sur Vastronomie indienne etc. Biot further observed • 'I was led, twenty years since, 
to recognize, and to demonstrate by palpable proof, that this singular institution, which 
enters into the general system of the Indian astronomy as a thing foreign to it, has its 
root and its explanation in the practical methods of the ancient Chinese astronomy, 
whence the Hindu derived it, altering its character, in order to employ it in astrological 
speculations'. He also attacked the indiamsts for their deficiency in the knowledge of 
astronomy and mathematics which he considered indispensable for a correct ap- 
praisal of a scientific and technical subject of this nature. 

Biot's studies and remarks attracted wide attention In Germany, the distinguished 
indologist Lassen found Biot's views acceptable, but Weber who was then deeply 
immersed in Vedic studies found these claims highly exaggerated and prepared for a 
fitting reply to Biot's views. Weber's efforts resulted in the publication of his two 
celebrated papers under the title ‘Die vedischen Nachrichten von den Naxatra 
(Mondstationen)' published in the Abhand der KOnigl. der Wissenschaften, in two parts, 
in 1860 and 1862 respectively. In the first part, devoted to historical introduction, 
Weber summarized Biot's opinion about the Chinese origin of Indian naksatras, and 
then examined the whole series of questions connected with the controversy, e.g.the 
chronologies of Schu-King, Schi-King, Eul-ya, Ylie-ling, Tcheou-li etc ; the beginning 
of the 28 hsiu stars from the time of Lu-pou-ouey; the series beginning with the hsiu 
star Kio and not with Mao ; the more ancient nature of the Indian naksatra series 
headed by Krttika, consideration of the question whether the Chinese Asms could not 
on the contrary be borrowed from Indian naksatras system; the relation between the 
system obtaining in West Asia and China; traces of an old Babylonian system of lunar 
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stations in the Fihrist and in an ancient Harranian festival; the differences between 
the Indian naksatra and the hsiu-manzil systems; the Indian origin of the manzil 
series as well as of the system of lunar stations mentioned in the Bundehesh 

In the second part of his Nachrichten, Weber considered in detail the development 
of the naksatra system in the Samhitas and Brahmatjas, concentrating on the follow- 
ing topics, e g , general examination of the significance of naksatra in the vedas; the 
use of the word 'naksatra' in the sense of star as well as in the special sense of lunar 
mansion, the recognition of twenty-seven naksatras; the legend of 27 naksatras as 
wives of the Moon, 27 naksatras marking 27 sidereal days constituting the Moon's 
sidereal month; the use of the system in the Lafyayana-sutra and Nidana-sutra, 
recognizing several types of years, the naAsaira-rituals of the Brahmana period such 
as the agnyadhanam, punaradheam, agrayanam, agnicayanam, naksatrestakas etc , 
the later development of the system of 28 naksatras with the inclusion of Abhijit. 

The word 'naksatra' has been traced in the earliest Vedic texts and explained from 
Sanskrit etymological considerations 41 An older form 'ksatram' is met with in the 
Satapatha Brahmana (2, 1, 2, 18, 19). In the Taittiriya Brahmana (2, 7, 18, 3) and 
Atharvaveda (7, 13, 1), the word is no longer 'ksatra', but 'na-ksatra' In explaining 
'naksatra', Pamm refers to the irregular construction of the word 'na-ksatra' from the 
root a Iksar (meaning fliessen', 'to flow') According to another etymological consid- 
eration V naks signified 'the changing' (die Wandelnden) in which sence the word was 
used in the Satapatha Brahmana ( tan naksatranam naksatratvam) 

Among the various uses found of the word in the Vedas, the most general use ap- 
pears to be to signify a heavenly object or source of light and illumination. It is no 
wonder that the Sun itself should be described as a star (ein Gestirn) as the Rgveda 
(7, 81 , 2) does ( naksatram arkwat). Its use in the special sense of a lunar mansion 
also developed during the period of the Samhitas and the Brahmanas. This is par- 
ticularly so in connection with the three Yajus texts where 'naksatra' is used in this 
special sense The Satapatha Brahmana (9, 4, 1 , 9) clearly states that the Moon 
dwells with the naksatra as a Gandharva does with the Apsaras [Der Mond stieg mit 
den naxatra, (wie) ein Gandharva mit Apsarasen] The Sadvimia Brahmana (10, 5, 
4, 17) echoes the same Idea when it says — tasmat somo raja sarvam naksatram 
upaiti, somo hi retodhah, that is, ‘thereupon the king Soma lives (in turn) with all the 
naksatras; and he is really the seedsman (samenhaltend). From these rudimentary 
ideas developed the well known Brahmana legend ofthe Moon-god Soma refusing to 
live with all the naksatras, daughters of Prajapati, whereupon the latter withdrew his 
daughters Weber described the legend as given in the Kathaka Sam. (11, 3) as 
follows . "Prajapati gave away to king Soma his daughters, the naksatras But Soma 
lived only with (the naksatra) Rohim. Thereupon the others who were thus deprived 
of his visit went to their father and complained to him of their plight. Prajapati decided 
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not to send his daughters back to the Moon and spoke to him (Moon) as follows, "You 
(promise to) live with all of them in the same way (samavat, gleichmassig) then shall 
I again send them back to you'. Thereafter' the Moon lives equally with all the 
naksatras 1,42 


The naksatras also occupid an important place in several Vedic ceremonies These 
ceremonies usually started with the agnyadhana , that is, with the first construction of 
the two sacred household fires, e.g. the garhapatya and the ahavaniya, usually dur- 
ing new or full moon, and were associated with naksatras such as Krittikas, or RohinT 
or Mrgaslrsa (&at. Br. 2, 1 , 2, 1 ff ). Another ceremony known as punaradheyam was 
to be observed at the double-starred naksatra Punarvasu (etad vai punarSdheyasya 
naksatram yat punarvasu, S TS. 1 , 5, 1 4). 

Thus in India the naksatra system was firmly established in the period of th eSanthitas 
and the Brahmanas When one considers the order and the beginning of the series, 
the identities between a limited number of stars, dissimilarities among the others, 
the Chinese hsius, Weber argued, corresponded in all probability to one of the 
latest stages of development of the Indian naksatras About the changing character 
of the naksatras, he mentioned the case of Krittika which sometimes comprised six 
and sometimes seven stars, the Greeks having a tradition of seven stars including a 
lost sister. Rohm? or Aldebaran was sometimes supposed to be formed of one bright 
star, and sometimes described as including £ Hydrae and the little group of five stars 
constituting the asterism Aslesa. For Abhijit Weber noticed the position as described 
in the Taittiriya Brahmana totally different from what obtained in the astronomical 
siddhantas. 

Weber placed some importance to the number of naksatras being sometimes given 
as 27 and sometimes as 28. He held that the groups were originally twenty seven, 
and became twenty eight later on with the addition of Abhijit. Thus in the various 
recensions of the Black Yajurveda, — Kdthaka (39,13), Taittiriya Sarri. (4, 4, 10, 1- 
3) and Taittiriya Brahmana (1,5, 1, 1-5), 27 naksatras only are mentioned The 
same number 27 is met with in the &atapatha Brahmana (10, 5, 4, 5), Pancavirriki 
Brahmana (23, 23), and Kausitaki Aranyaka (2, 16) The earliest record showing 28 
naksatras, with Abhijit, is Taittiriya Brahmana (1, 5, 1 , S). 43 

Weber also touched upon some traces of old Babylonian tradition in respect of lunar 
mansions in Arabic literature and relations between West Asian and Chinese cul- 
tures. He noticed one such trace in the Fihnst recording an ancient Harramte cus- 
tom. The Harranites followed a 27-day Moon month, and on the 27th day of such a 
month they observed the practice of visiting their holy temple and offering food and 
drink to the Moon-god. Another trace concerns the use of the word 'mazzalotlV in 
expression like the mazzaloth and all armies in the sky ("der mazzalloth und alles 
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Heeres am Himmel") in King Josias (II Reg 23, 5). By an interesting philological 
exercise Weber proved that the word meant a 'zodiacal portrait' ("zodiacal bild"), 
possibly a special class of stars to mark the stations of the Moon in its periodic motion 
through the skies, and in time became transformed into manzil (pi. manazil) of the 
Arabs, which found a place in the Qu'ran itself. We reproduce below a table prepared 
by Weber to show the correspondence of naksatras with the hsius and the mandzil. 


Naksatra 

1 AsvinT, p, yAriet. 

2 BharanT, 35, 39, 41 , 
Ariet. 

3. Krttika, rj Tauri 

4. Rohim , a, 0, 8, e, 

Tauri 

5 MrgaSiras, X, tp,, <p 2 
Orionis 

6 Ardra, a Orionis 

7 Punarvasu, p, a 
Geminorum 

8. Pusya, v, 8, y Cancri 

9 ASIesae, 8, a,t|, p 
Hydr. 

10. Magha, a, T|, y, M-, 
eLeon. 

1 1 PurvaphalgunT, 8, 0, 
Leon 

12 UttaraphalgunT, p, 

93 Leon. 

13 Hasta, 8, y, s, a, P 
Corvi. 

14. Citra, a Virgin. 

15 SvatT, a Bootis 

1 6 Vilakha, i, y, p, a Libr. 

17. Anuradha, 8, P, Jt Scorp. 

18. Jyestha, a, ct, t Scorp. 

19. Mula, X, v, K, i, 0, T|, 

£,p Scorp 

20. PurvasadhI, 8, 8 Sagitt. 

21 Uttarasadha, a, £ Sagitt. 


Manzil 

1 . Sharatan, like naks 

2. Butain, like naks 

3 Turaiya, like naks 

4. Dabaran, like naks 

5. Haq'a, like naks 

6 Han'a, tj, h, v, y, ^ 
Gemini 

7. Dira, like naks 

8. Natra, y, 8 Cancri 
& Praesepe 

9. Tarf, ^ Cancri, X 
Leonis 

10. Jabha, like naks 

1 1 . Zubra, like naks 

12. Sarfa, p Leon. 

13. ‘Awwa, p, T|, y, 8, 
e Virgin. 

14. Simak, like naks 

15. Ghafr, i, k, X Virgin. 
16 Zubanay, like naks. 

17. IklTl, like naks 

18. Qalb, a scorp. 

19. Saula, X, v Scorp. 

20 Na'ayim, y 2 , 8, e, t|, (p, 
a, t, C Sagitt. 

21 . Baida, n Sagitt 


Hsiu 

16 Leu, p ariet 

17 Oei, 35 Ariet. 

18. Mao, like naks 

19. Pi, e Tauri 

20. Tse, X Orionis 

21. Tsan, 8 Orionis 

22 Tsing, p Geminorum 

23 Kuei, o Cancri 

24. Lieu, 8 Hydr 

25. Sing, a Hydr. 

26. Chang, d, Hydr 

27. Y, a Crateris 
28 Chin, yCorvis 

1. Kio, like naks 

2. Kang, k Virg. 

3. Ti, otj Libr. 

4 Fang, n Scorp. 

5. Sin, a Scorp. 

6. Uei, Pa Scorp. 

7. Kt, y 2 Sagitt 

8. Teu, tp Sagitt. 
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22. Abhijit, a, e, £ Lyr. 

23 Havana, a, fi, y Aquil. 

24. Sravistha, p,a,y,8 
Delphim 

25. Satabhisaj, X Aquarn 

26. Purvabhadrapada, a, |3 
Pegasi 

27 Uttarabhadrapada 

y Pegasi, a Andromedae 

28 RevatT, t, Piscium 


|3 Capricorm. 

23. sa'd Bula, e, p, u 
Aquar 

24. Sa'd as-Su'ud, p, 

£ Aquar. 

25 Sa'd al - Akhbiya, a, 
Y, , C. Tl Aquar 

26. First Fargh, like 

naks 

27. Second Fargh, like 

naks 

28. Batnal-Hut 

P Andromedae etc 


9 Nieu, p Capric 
10 Nu, e Aquar 
11. Hiu.p Aquar. 

12 Goei, a Aquar 
13. Che, a Pegasi 

14 Pi, y Pegasi 

1 5 Koei, £ Andromedae 


In volume 8 of the Journal of American Oriental Society, William D Whitney critically 
compared the opinions and arguments of Biot and Weber, and put forward his own 
suggestions While noticing the two systems of 28 and 27 naksatras, Biot had de- 
scribed the former as the 'ancient' and the latter 'modern' naksatra, Whitney showed 
that such a distinction was uncalled for and had 'no foundation whatever in the facts of 
the Hindu Science’. 44 In the siddhantas one looks in vain for any connected account 
of the system, - history, names, member, orders etc. of the asterisms, presumably 
because this type of information is assumed on the part of the users of the text 
Whitney pointed out another error in Biot's assumption, namely, that the declination 
circles passing through the junction stars cut up the ecliptic into a number of positions 
which, according to him, constituted the ancient system of lunar mansions Such is 
not the case with the Sanskrit texts. By this method Biot transferred to Indian naksatras 
some of the characteristics of the Chinese hsius so as to strengthen his arguments 
in favour of his own opinions. In the Chinese system the declination circles through 
the hsiu stars divide the celestial sphere into a number of zones or mansions so that 
any planet crossing such a decimation circle enters the corresponding hsiu mansion. 
In the Hindu astronomical siddhantas the position of the junction star is defined with 
a view to facilitate the calculation of a conjunction, such definition does not mean the 
commencement of the planets' continuance in the naksatra. This naksatra is indeed 
a space, being one-twentyseventh part of the ecliptic of 360° or 800'. The Moon 
spends about a day in eaoh naksatra and momentarily comes into a state of conjunc- 
tion wtih the junction star, generally the most conspicuous in the group of stars or 
constellations concerned. Whitney also gave a good exposition of the Hindu system of 
coordinates employed to represent the celestial objects in the sphere. 

Weber assumed that the naksatras, like the hsius, are virtually single stars, marking 
out the heavens and giving names to the intervals. If that was really the case, Whitney 
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commented, the Indian system must have undergone essential vanations The Surya- 
siddhanta, it is true, divided the ecliptic into 27 equal portions, but if these portion§ 
were carried from one group to the next one would arrive at quite a different series. 
Whitney pointed out that Garga and Brahmagupta had assigned one-twenty-seventh 
part of the ecliptic (800'arc) equally to only 15 naksatras, the same amount increased 
by half (1 200' arc) to each of 6 naksatras, and just half -of the same (400‘ arc) to each 
of the remaining 6 naksatras On the question of 27 or 28 naksatras, the times of the 
Taittiriya Samhita mentioning 27 and those of Taittiriya Brahmana and the 
Atharvaveda (19 book) mentioning 28 do not differ by such a great margin as to 
suggest the priority of either of them; possibly there was an intermingling of the two 
systems. Nevertheless Whitney conceded that upon Indian grounds alone the theory 
of the originality of the series of 27 naksatras expanding later on into one of 28, was 
more probable, although such a theory could not be forced by facts. 45 

Whitney arrived at the conclusion that the efforts of both Biot and Weber were of a 
negative character If Biot's arguments for the originality and immence antiquity of 
the hsiu system influencing countries lying farther west was entirely nugatory, We- 
ber's attempt to prove the priority of the naksatra system leading to the hsius and the 
manazil proved no less a failure He was, therefore inclined to believe that probably 
some fourth people, different from all so far considered, were entitled to the honour 
of inventing the institution of lunar mansions, which in time diffused to other culti- 
vated races of Asia. 46 

In the same volume of the Journal of American Oriental Society, Ebenezer Burgess, 
translator of the Surya-siddhanta traversed the same ground and expressed himself 
more or less in favour of the priority of the naksatra system. The system which he 
characterized as scientific was known in India as early as the fifteenth century B.C., 
and that, not as a semi-mythological fancy but as a scientific system based on astro- 
nomical observations and discoveries. 47 He agreed with Weber that the origin of 24 
out of 28 hsius was of doubtful antiquity and that the full series of 28 did not appear 
in the Chinese literature earlier than 250 B.C. He pointed out that Biot's estimate of 
Chinese astronomy was based on exaggerated views of Romish missionaries, par- 
ticularly those of Father Gaubil on which Delambre had already commented. After 
dealing in some detail with the coincidences and dissimilarities between the hsius 
and the naksatras he arnved at the conclusion that these two systems had no genetic 
relation to each other, if either was modified by the other, the modification was in this 
respect that the number 28 in the former was derived from the latter. 48 

Whitney had suggested the possibility of a fourth nation outside the Indians, the 
Chinese and the Arabs, inventing the institution of lunar mansions. By his philogogical 
interpretation of 'mazzaloth'. Weber was striving to show an old Babylonian connec- 
tion with the Arabian manazil. In 1891, Fritz Hommel, an assyriologist studied the 
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Babylonian lunar stations, showed how their series of 24 lunar stations were derived 
from an original list of 36 normal stars, and concluded that these lunar and planetary 
stations made use of by the Babylonians at the time of the Arsacide kings could be 
the basis of the Arabic as well as of the Indian and Chinese series of stars and star 
groups delineating the ecliptic Although he was primarily concerned with the origin 
and antiquity of the Arabian manazil, his preferance for old Babylonian as the home 
of invention of the most ancient system immediately attracted widespread attention 
He even suggested that the lunar mansions originally numbered 24 and ultimately 
developed into the senes of 27 or 28 farther East through process of diffusion Hommel's 
Babylonian series with corresponding manazil are given below : 


Babylonian senes 

Manazil 

1. Timinnu.riTauri 

at-turiya, r| Tauri 

2. Pidnu, aTauri 

al-debaran, aTauri 

3. Sur Narkabti, (3, a, £ Tauri 

al-haq'a, A,, <p’, qjOrioms 

4. Pu Tu'ami, t|, p Geminorum 

al-han'a, r|, p, u, y, £, Geminorum 

5. Tu'ami, §a re'i, y Geminorum 


6. Tu'ami, a, p, Geminorum 

ad-dira, a, P Geminorum 

7. Pulukku.y, SCancri 

an-natra, y, SCancri 

8. Ris arT , e Leonis 

at-tarf, X Leonis 

9 §arru, a Leonis 

al-jabha, a Leonis 

10. Maru§ar7bu arkat, Sam, p Leonis 

az-zubra, 8, 0 Leonis 

1 1 . Zibbat an , p Leonis 

as-sarfa, p Leonis 

12. §ipu arku§a ari, p Virginis 

al-'awwa, p, rj, y Virginis 

1 3. §ur ardati, y Virginis 



as-simak, a Virginis 

14. Nabu ardati, a Virginis 

al-ghafr, i, k, XVirgims 

15 ZibanTtu, a, P Librae 

az-zubanay, a, P Librae 

16. Ris akrabi, S, P Scorpionis 

al-iklll, 8, tc, p Scorpionis 

17. Habrud, a Scorpionis 

al-qalb, a Scorpionis 

18 Matu §a Kasil, 6 Ophiuchi 

as-Saula, X, v Scorpionis 

19. Karan sug'ar, a, p Capricorn! 

ad-dibih a, pCapricorni 


Bula, e, p, vAquarii 

20. Sug'ar, y, 8 Capricorn i 

as-su'ud, p, IjAquam 

21. 

al-ahbiya, a, y, T|, Aquarii 

22. 

ad-dalwu, a, p, yPegasi; 


aAndromedae 

23. Rikis nuni, r| Piscium 

al-hut, pAndromedae 

24. Ris Kusarikki, a, pArietis 

an-nath, p, y Arietis 


al-butain, a, b, cMuscae 
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Hommel was aware that the Babylonian series of 30 or more stars differ obviously 
from the lunar zodiacs comprising 27 or 28 stars or star groups. He therefore argued 
that the Babylonian as well as Arabian and other series originally comprised 24 mem- 
bers only. As to the Arabian series he stated that (i) al-fargh al-awwal (a and p 
Pegasi) and al-fargh as-sam (yPegasi and a Andromedae) originally formed one man- 
sion, (ii) as-sarfah (p Leoms) was a later insertion, and Uttara and Purva PhalgunI 
originally formed one naksatra, (in) al-iklTl and as-zubanay was one station, and (iv) 
al-baldah was not possibly included in the original list. 

George Thibaut, the noted indiamst whose various contributions to Indian astronomy 
will be noticed presently found it difficult to accept Hommel's views 49 From very early 
times the Babylonians had indeed a solar zodiac of twelve signs which could theoreti- 
cally split into two or three parts giving rise to a series of 24 or 36 stars but no proof 
existed that they actually used a series of 24 stations in connection with the lunar 
motion The series of 27 or 28 was employed by the Indians, the Chinese and the 
Arabs to follow lunar motions, and represented divisions of the ecliptic. The Babylonian 
zodiac of 24 or more asterisms does not appear to be divided into an equal number of 
parts to which the motion of the Moon and planets are referred For such reference 
they used the normal stars. When the members of the Babylonian series are com- 
pared with those of the three other systems disagreement are so wide as to militate 
against any diffusion theory Whenever specially bright stars were selected for inclu- 
sion in the series agreements were inevitable, for example, aTauri, aLeomsa Virgims, 
and a Scorpioms are all stars of the first magnitude. Pleiades, a, p Geminorum, a, p 
Librae are well defined and conspicuous stars close to the ecliptic and could not fail to 
be included in any series intended to mark the ecliptic. The common origin theory 
with Babylon as the centre of diffusion was therefore no more successful than the 
efforts of the sinologists and the indiamsts to trace the origin of the lunar mansions to 
the hsius and the naksatras respectively. 

BHAU DAJI ON ARYABHATA, KERN ON BRHATSAMHITA 

In the sixties of the last century, while the lunar mansions controversy was in full 
swing, Bhau Daji examined the age and authenticity of Aryabhata and other notable 
ancient astronomers 50 He noticed two astronomical works, — Maha Aryasiddhanta 
and Laghu Aryasiddhanta, bearing the same name as their authors.The latter work 
was found to be the same as the Aryabhatiya, comprising the Da&agitika and the 
AryastaSata from which Brahmagupta and others quoted extensively and whose date 
was given by Colebrooke as the end of the fifth century A.D. Bhau Daji showed that 
this work was by Aryabhata of Kusumapura (Pataliputra) who was born in 476 as 
clearly stated in the text. The other work was a much later compilation for which Bhau 
Daji fixed the date around 1 322 In 1 865 H. Kern produced a critical edition of Varaha's 
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Brhatsamhita, to which he added an illuminating preface contributing to our knowl- 
edge of ancient Indian astronomers and astrologers. 51 In connection with his study 
Kern collected all extracts IromAryabhatiya quoted by Bhattotpala in his commentary 
on the Brhatsamhita and later on, following the discovery of the Aryabhatiya text, 
published the Sanskrit text with the commentary Bhatadipika by Paramadisvara from 
Leiden. It is needless to mention that the availability of the text greatly facilitated 
investigations into his mathematics and astronomy, much of which was carried out in 
the present century. 


VEDANGA JYOTISA 

The Vedanga Jyotisa as an astronomical appendage to the Vedas had attracted at- 
tention from the early part of the nineteenth century Weber in 1862 and Thibaut in 
1877 presented a more or less full study of the text which only served to enhance the 
importance of an early notice of this subject by Colebrooke. In 1805, Colebrooke, in 
his pioneering studies of the Vedas or sacred Writings of the Hindus, commented on 
the Vedanga Jyotisa as follows "To each Veda, a treatise, under the title of Jyotish, 
is annexed; which explains the adjustment of the calendar, for the purpose of fixing 
the proper periods for the performance of religious duties It is adapted to the com- 
parison of solar and lunar time with the vulgar or civil year, and was evidently formed 
in the infancy of astronomical knowledge. From the rules delivered in the treatises, 
which I have examined, it appears, the cycle (yuga) there employed, is a period of five 
years only. The month is lunar, but at the end, and in the middle, of the quinquennial 
period, an intercalation is admitted by doubling one month." 62 Colebrooke also men- 
tioned VneJyotisa's division of the zodiac into twentyseven naksatras headed by Krttika. 
Most importantly he noticed the placement of the colures in the nak§atra circle in the 
important verse svarakramete etc and gave a literal translation of the verse, which 
has been used in determining the antiquity of the astronomical knowledge embodied 
in the Jyotisa. 

Weber, in his Uber den Vedakalender Namens Jyotisham, provided a complete and 
critical edition of theJyof^a based on a number of manuscripts and a commentary by 
Somakara, together with a complete translation and explanation of the highly cryptic 
verses. He noted that, as an appendage of the Veda, like Siksa and chanda, the 
Jyotisa was available in two recensions, e.g. Rk containing 36 verses and Yajus with 
43 or 45 verses. He noticed some Greek and Babylonian influence on the Jyotisa, 
particularly in its rules concerning the variation of day-lengths with seasons. 53 

Thibaut recognized the extremely corrupt form of all manuscripts containing Somakara's 
commentary due largely to the commentator's misunderstanding of the majority of 
the enigmatical rules. Somakara's chief merit consists in his use of the Gargi Samhita 
and thereby preserving the quotations of the latter, no longer extant. The central 
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feature of the Jyotisa is its adoption of a cycle of 5 years, beginning with the white 
half of the month of Magha and ending with the dark half of the month of Pausa “The 
year is obviously one-fifth of this cycle, and consists, according to verse 28, of three 
hundred and sixty-six days, six seasons, two ayanas, and twelve months considered 
as solar The year meant is the tropical solar year. By comparing this with Garga's 
description of the quinquennial cycle, it is found that a yuga is composed of 1830 
savana days, making the year consisting of 366 days. Weber supposed this tropical 
solar year to be an importation from a foreign country Thibaut did not agree with him 
because both yugas, the Vedic as well as that of the Jyotisa could not have been 
formed but for the knowledge of the difference of five years of 360 days and of 60 
lunations from the time during which the Sun performed five tropical revolutions. 

From the units of time measurement, kala, nadika, muhurta, aksara, kasthd etc 
Thibaut calculated a day to be equal to 603 kala, a tithi 593 kala, and a naksatra 
day 549 kala Somakara gave the duration of a tithi as 562 f kala manifestly much 
shorter than what it should be. Weber also noticed this discrepancy 

The Jyotisa recognized the variation of the day-length and gave a rule for finding the 
relative length of the day. The length of the nycthemeron is given as 30 muhurtas, 
that of the shortest day as 1 2 muhurtas and that of the longest day as 1 8 muhurtas 
In the course of one ayana of 1 83 days the day-length increased by 6 muhurtas, 
making the rate of increase per day 2/61 muhurtas From this rate the length of any 
day between the two solstices can be easily determined. Thibaut believed that such 
estimations of the longest and shortest days and the method of finding variations in 
day-length had generally prevailed in India before the impact of Greek science be- 
came obvious The Puranas, the Jaina astronomical tracts like the Suryaprajhapati, 
the Paitamaha-siddhanta as summarized in Varaha's Pancasiddhantika all give the 
same rule One important point put forward in favour of borrowing is that variations of 
length of this order of magnitude are typical of latitudes in certain places of West Asia 
(e g Babylon), but it is also true of the extreme north-west corner of the subconti- 
nent. "I am entirely of the opinion' 1 , observed Thibaut, “of Prof. Whitney who sees no 
sufficient reason for supposing the rule to be an imported one. It is true that the rule 
agrees with the facts only for the extreme north-west corner of India, but it is approxi- 
mately true for a much greater part of India, and that an ancient rule — which the rule 
in question doubtless is, agrees best with the actual circumstances existing in the 
North-West of India is after all just what we should expect." 55 

The Jyotisa has dealt at considerable length with positions of the new and full moons 
in the naksatras during the whole quinquennial period. This question was of prime 
importance in Vedic times because of many sacrifices being performed on such days 
In a five-year cycle there are 62 synodical ( candra ) months and therefore 1 24 parvas, 
62 full moons and 62 new moons. On the basis of the Moon's passage in a synodical 
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month of 29 g days and in a paksa of 14^, Thibaut worked out the positions of all 
the 62 full and 62 new moons in the yuga in agreement with the text In fact, the 
method represented another way of dividing the zodiac on the basis of 124 for readily 
reckoning the positions of new and full moons which served the purpose of a five-year 
calendar. 


JAIN A ASTRONOMY 


In 1865, Weber noticed a Jaina astronomical text, the Suryaprajnapati and pointed 
out that it more or less embodied the same astronomical elements as characterized 
in the Vedanga Jyotisa “Thibaut published a detailed study of the text in the Journal 
of the Asiatic Society of Bengal and showed that the system was based on a period 
containing 61 solar months of 30 savana days each, 62 lunar months and 67 revolu- 
tions of the Moon. These dates yield 29.516129 days for the period of the Moon's 
synodic revolution and 27 313433 days for that of its sidereal. These periods are 
slightly shorter than those given in the Surya-siddhanta. In a period of 19 solar years 
there are 235 synodic months and 254 sidereal months of the Moon. If the corre- 
sponding number of days be worked out the Jaina text would give 14 084 days more 
than the Surya-siddhanta for 1 9 solar years, but 3.399 days and 2.093 days less than 
Surya-siddhanta values for the corresponding synodic and sidereal months. Thus the 
Suryaprajnapati, like its Brahmana authority, the Vedanga Jyotisa, represents a less 
accurate system than the later siddhantas. 


Unlike the Vedanga Jyotisa, the Suryaprajnapati uses a system of 28 naksatras of 
unequal space. Since a sidereal month consists of 819 'j^muhurtas, and on an 
average a naksatra accounts for a day, the Moon's passage through the asterisms 
must encompass 28 naksatras, one of them having a space of only 9 '-^-naksatras. 
But then the spaces are made unequal in such a way that one group of six (4th, 7th, 
12th, 16th, 21st, and 27th from ASuim) are assigned V/z days each, another group 
of six (2nd, 6th, 9th, 15th, 18th, and 25th) half a day each, and the rest 1 day each 
Brahmagupta has given the value of the Moon's sidereal motion in degrees, minutes 
etc as 13° 10' 34" .88, by adopting which Burgess has calculated the nak§atra spaces 
as follows : — 67 


6 of 19°45'52".32 each 
6 of 6° 35'1 7".44 each 
1 5 of 1 3° 1 0'34".88 each 


118° 35'1 3" .92 
39° 31 ’44" .64 
1 97° 38'43" .1 9 


355°45'41" .75 

Abhijit for 0.321 6673 day — 4 e 14'18".25 

360° -0 0 

The balance space of 4° 14'1 8".25 is assigned to Abhijit. 
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The peculiarities of the Jaina astronomy demanded two sets of the Sun and the Moon 
and naksatra series, for which Brahmagupta severely criticized the Arhats 

VARAHAMIHIRA'S PANCASIDDHANTIKA 

Varaha's Pancasiddhantikd had been known, only in quotations and references from 
the early part of the nineteenth century. In 1874, G. Buhler in his search for Sanskrit 
manuscnpts in the Bombay Presidency was rewarded with the discovery of two manu- 
scripts of this important text. Ten years laterThibaut, in collaboration with Sudhakara 
Dvivedi, produced an edited text, a running translation of the cryptic verses, and an 
excellent introduction. Thibaut correctly assessed the importance of the work in In- 
dian astronomical literature because of the author's predilection for historical ap- 
proach. Varahamihira, in Thibaut's judgement, was the only astronomer who realized 
the importance of vanous astronomical doctrines and systems current in his time 
even though some of them were defective, recorded a critical account of them, and 
did not hesitate to acknowledge the sources even when these were foreign 
'Pancasiddhantika' , he wrote, thus becomes an invaluable source for him who wishes 
to study Hindu astronomy from the only point of view which can claim the attention of 
the modern scholars, viz. the historical one.' 58 

Pancasiddhantika is a karana work in as much as it provides for a set of rules 
sufficient for speedy astronomical computations It has mentioned a large number of 
siddhantas, but selected only five most important among them, e.g. the Surya -, 
Romaka-, PauliSa, Paitamaha- and Vaiistha-siddhanta in order of importance. He 
considered the Surya-siddhanta to be the most accurate, the next two, the Romaka, 
and Paulisa to be about equally correct, and the last two to be inaccurate. The five 
works extant in Varaha's time were not separately treated but often mixed up along 
with his own independent compositions. Thus in his introductory verses in ch.1 he 
deals with the method of computing ahargana according to the Romaka-siddhanta 
along with an exposition of the principles of intercalation followed in the Pauli&a-, 
Romaka-, and Surya-siddhanta. Yet from the directions given at the end of the chap- 
ters Thibaut and Dvivedi had no difficulty in identifying Varaha's summary of the five 
siddhantas as well as his own free discussions on the three fundamental questions 
(tnprasna) • the sphencity of the earth and the celestial sphere, instruments and 
observations, secrets of astronomy etc 

Starting with the least accurate of the five, the Paitamaha-siddhanta is presented in 
ch 1 2 in five stanzas.The siddhanta belongs to the category of the Veddnga Jyotisa, 
Suryaprajnapati and Garga Samhita and teaches a five-year luni-solar cycle com- 
prising 5 solar years of 336 days, 60 solar, 62 synodical and 67 naksatra (sidereal 
revolutions of the Moon) months. The cycle commences at the moment of conjunction 
of the Sun and the Moon at the first point of Dhanistha. Like the Vedahga Jyotisa the 
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longest day is given as 18 muhurtas and the shortest as 12 muhurtas There are 
some differences also. It gives a rule for calculating Vyatipata, which is missing in the 
Jyotisa and the Prajhapati. 

Some of the elements of the Vaiistha-siddhanta are discussed in chapters 2 and 18 
(last chapter according to Thibaut) That the 2nd chapter embodied Vasistha's teach- 
ings was attested by Varaha in the last stanza of ch 13 'this is the calculation of the 
shadow according to the concise Vaiistha-siddhanta' This chapter deals with, among 
other things, rules for calculating the length of the day at any time of the year, but 
these rules, although reminiscent of those given in the Paitamaha-siddhSnta and 
the Vedanga Jyotisa, give different values for the shortest and longest days The 
chapter also provides rules for finding the length of the shadow, the mean longitude of 
the Sun and the lagna, which, notwithstanding their primitive nature, are superior to 
what Paitamaha supplies Thibaut also noted that VaSistha operated with a sphere 
divided into signs, degrees and minutes in place of the ancient stellar zodiac 

Assuming that the small second chapter contained all that Va$istha had to say, Thibaut 
was inclined to think that certain parts of the work were probably missing Neverthe- 
less he suspected, but did not definitely say, that the last chapter dealing with the 
courses of the planets probably contained some of the elements of Valistha's teach- 
ings The rules give methods of computing the number of heliacal risings of planets in 
a given ahargaryi. From the synodical revolutions thus found are determined the 
sidereal motions of the planets. Although he found many of the rules obscure and 
unsatisfactory, he recognized in them elements which did not differ greatly from those 
generally employed in Hindu astronomy 59 The chapter itself does not provide any 
indication as to the sources from which the rules were compiled, but on the basis of 
the statement Vaiistha siddhante sukrah, he commented, "If we accept the former 
statement as true, it would follow that the vaiistha-siddhanta possessed an accurate 
knowledge of the length of the planetary revolutions; for although the statement di- 
rectly refers to Venus only, it is — for reasons not requiring to be set forth at length 
altogether improbable that the Vaiistha-siddhanta, or in fact any siddhanta, should 
have been well informed about the theory of one planet only" 60 

On the question of the relationship of Varaha's Vaiistha-siddhanta and another work 
bearing the same name and known from the quotation of later authors, Thibaut par- 
ticularly referred to Brahmagupta's quotation and suggested Visnucandra as the au- 
thor of the latter. Visnucandra probably had access to the original Vaiistha-siddhanta, 
used its elements, and distorted the original teachings through a faulty understand- 
ing. The same Brahmagupta further informs us that one Vijayanandin was associated 
with the compilation of a Vaiistha-siddhanta and this Vijayanandin's name is further 
mentioned by Varaha himself in the last chapter in connection with planetary motions. 
None of the Vaiistha- versions compiled by Visnucandra and Vijayanandin has 
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survived One Laghu Vasistha-siddhanta (edited by Vindhyesvan Prasad Dube in 
1881) which Thibaut examined did not agree with the teachings of the version sum- 
marized by Varaha, so that the question of authorship of the original Vasistha-siddhanta 
remained an open one. 

Astronomical elements of XheRomaka-siddfmnta are scattered over chapters 1, 4, 8 
The Romaka used a yuga of 2850 years, containing 1050 intercalary months 
(adhimasas) and 16547 omitted lunar days ( tithipralayas ) Reduced by 150 these 
elements lead to the well known metomc cycle of 1 9 solar years containing 235 synodical 
months and 7 intercalary months Thibaut also deduced the number of natural or civil 
days in this yuga and determined the year length to be 365 d 5 h 55' 12", agreeing with 
the tropical year of Hipparchus of Ptolemy. The rules for computing the ahargana for 
finding the mean longitudes of planets are given in ch. 1 and the mean longitudes of 
the Sun and the Moon in ch. 8 The Moon's sidereal revolution is stated to be 27 d 7 h 
43' 6". 3 The Moon's anomalistic month is worked out to be 27 d 13 h 18' 32“ 7 from the 
revolution of its kendra 110 times in 3031 days For the correction of the Sun's mean 
motion, the longitude of its apogee is given as 75°. Although no general rule for 
finding the equation of the centre is provided its values for anomalies 15°, 30°, 45°, 
60°, 75° and 90° are given, some of which agree closely with those of Ptolemy, as 
shown below * 


Degree of 

Anomaly 15 

30 

45 

60 

75 

90 

Equation of Centre 

Romaka 34'42“ 

1°8'37 M 

V3&39" 

2°2 , 49" 

2017 . 5 .. 

2°23 , 23‘ 

Ptolemy 

1°9' 


2°1' 


2°23‘ 


The Moon's equations are likewise dealt with, but the values given disagree with 
those by Ptolemy. The period of the revolution of the Moon's node is given as 6796 
days 7 hours closely agreeing with Ptolemy's value of 3796 d 14 h etc. Other elements 
presented include the angular diameters of the Sun and the Moon as 30' and 34' 
respectively, the parallax in longitude of the sun and the Moon (the difference is 
given), and the parallax in longitude of the Moon, that of the Sun being neglected 
Another peculiarity of the Romaka is that the meridian of Yavanapura is adopted for 
ahargana computation and that of UjjayinT, for determining the mean places of the 
Sun, Moon and other planets 

Coiebrooke and Bhau Daji, on the authority of Brahmagupta and his commentator 
PrthudakasvamT attributed to Arisen a the authorship of the orig inal Romaka-siddhanta 
By comparing a number of manuscripts of the Brahmasphutasiddhanta (Bombay 
Government, Benares College and Royal Library of Berlin), Thibaut established that 
the manuscnpt used by Coiebrooke was defective, and that Srlsena was not an ongi- 
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nal writer but a careless compiler from various authorities Thus he borrowed from 
Lata rules concerning the mean motions of the Sun and Moon, and Moon's apogee 
and node, and the mean motions of Mercury's Sighra, Jupiter, Venus’ iighra and 
Saturn, and from Aryabhata those relating to apogees, epicycles and nodes, and also 
the true motions of planets As regards the Romaka, SrTsena borrowed several ele- 
ments from various heterogeneous sources and incorporated them in the original 
Romaka-siddhanta, and thereby transformed 'a heap of jewels' into a 'a patched rag' 
(&ri§enena grhitva ratnoccayo romaka krta kantha).*' Thus, there was an original 
Romaka-siddhanta in many ways different from the revised and inferior text due to 
SrTsena, on the authority of Brahmagupta. If SrTsena be out, what would be the position 
of Latadeva in connection with the Romaka-siddhanta 7 In ch I, 3, Varaha himself 
mentioned Latadeva as an expounder of Vc\e Romaka-siddhanta and also as an able 
astronomer who directed the computation olahargana from the moment the Sun had 
half set at Yavanapura. From this as also from Brahmagupta's references to Lata, 
Thibaut rated him as an astronomer of no mean order, who in all probability did not 
write an ordinary commentary of the Romaka, but carried out the more difficult task 
of recasting the original so as to conform to a later epoch, namely §aka 427, which 
Varaha adopted for his Pahcasiddhantika with Lata's version of Romaka before him. 

The elements of thePaulisa-siddhanta, according toThibaut, are discussed in chap- 
ters 1 , 2, 3, 4, 5 and 6 The ahargana rules given in ch.1 are marked by the distinction 
that the computations are not based on any cyclic period compnsing integral numbers 
of years, lunar months and omitted lunar days, but are carried out directly by setting 
up a small aggregates of days containing approximately one intercalary month or one 
omitted lunar day The rules for finding lunar positions, as discussed in ch. 2, proved 
even more intriguing Thibaut succeeded in interpreting these rules by applying the 
Vakyam process as obtaining among astronomers in South Indian and explained long 
ago by Bailly and John Warren.The merit of this process is that true places of the Sun 
and the Moon can be found without first obtaining their mean places. For this purpose 
four periods called Vedam , Rasa Gherica, Calanilam, and Devaram and consisting of 
1600984, 12372, 3031 and 248 days respectively are used. These periods are such 
that the Moon can undergo complete anomalistic revolutions e.g Devaram- 9 revolu- 
tions; Calanilam- 110 revolutions; etc. For the motion of the Sun, however, the proce- 
dure appears to be based on the determination of the mean positions and applying to 
them the equation of centre of which a few values are given. Although no formula for 
finding the equation of centre is given, eccentric (or epicyclic)-cum-trigonometrical 
methods are indicated behind these values. The longitude of the Sun's apogee is 
stated to be 80°. Convenient numerical formulas for the computation of the eclipses 
are given, but no exposition of the theory of eclipse. Chapter 4 gives a sine table for 
R = 1 20', but it cannot be ascertained whether it is typical of the Pauli&a-siddhcinta or 
a general table applicable for computations in accordance with the elements of the 
three siddhantas, Romaka, PauMa and Surya. 
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Varaha's scholiast Bhattotpala and Brahmagupta's PrthudakasvamT have frequently 
quoted from an astronomical work bearing the same name as VnePauli&a-siddhdnta 
From the investigations of these quotations by Colebrooke it was already known that 
the later PauhSa-siddhanta used the elements of Aryabhata, the Surya-siddhanta, 
and later authorities had already assumed the characteristics of \sdersiddhdnta texts. 
Thibaut noted important differences between Varaha's Paulisa and that of the com- 
mentators, in the length of the year, ahargana computations, determination of plan- 
etary places and other features, which clearly indicate that the original work under- 
went a number of recasts. 62 

The Surya-siddhanta, the most accurate of the five systems according to Varaha's 
judgement has naturally claimed the largest space, its elements being spread over 
chapters, 1, 9 (solar eclipses), 10 (lunar eclipses), 11 (projection of eclipses), 16 
(mean motion of planets) and 17 (true motion of planets). The importance of Varaha's 
account of the text as known to him is obvious in as much as this is the only astro- 
nomical system to have survived to the modern times. For purposes of comparison 
Thibaut chose to call Varaha's account as the old Surya-siddhanta and the text that 
has come down to us as the modern Surya-siddhanta. The old SS uses as its period 
one-twentyfourth of a mahayuga of 4,320,000 years, that is, 1 80,000 years and gives 
the number of intercalary months and omitted lunar days as 66389 and 1 045095, 
from which the number of savana days in a mahayuga works out to 1577917800, in 
the modern SS. this number is in excess by 28 days. This difference is reflected in the 
length of the year, the old SS. making it as 365 d 6 h 12' 36" as against the modern SS's 
value Of 365 d 6 h 12' 36."56. 

As to the elements of the Moon, its sidereal revolutions in the mahayuga have the 
same value in both, slightly affecting the length of the period. Some other elements 
are tabulated below : 



OldSS 

Modem SS 

Period of revol of 

3231 d 23h 42' 1 6".76 

3232d 2h 1 4' 53".4 

Moon's apogee 

Revls. of Moon's 

488,219 

488,203 

apogee in a mahayuga 
Revls of Moon's node 

232,226 

232,228 

in a makd-yuga 

Moon's greatest latitude 

270' 

270' 


Thibaut noted that the figures of revolutions of the Moon's apogee and node and of its 
greatest latitude as given in the old SS. agreed with those given by Aryabhata In the 
computation of the Sun's equation of centre the longitude of its apogee re an impor- 
tant parameter; the old SS. gives it as 80° while the modern SS. and the Aryabhatiya 
advised the use of 77° and 78° respectively The old SS, does not mention any motion 
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of the Sun's apogee; but the modern siddhantas recognize such a motion albeit very 
slow 

For planetary revolutions Thibaut compared the values given in the two siddhantas, 
to which we add Aryabhata's values as given in his Ardharatrika system 



Old SS 

Modern SS 

Aryabhata {At dharatrika) 

Mercury 

17,937,000 

17,937,060 

17,937,000 

Venus 

7,022,388 

7,022,376 

7,022,388 

Mars 

2,296,824 

2,296,832 

2,296,824 

Jupiter 

364,220 

364,220 

364,220 

Saturn 

146,564 

146,568 

146,564 


While the two Surya-sidcthantas disagree in all the cases except Jupiter, the old SS 
agrees with Aryabhata and also with Paulina as quoted by Bhattotpala Regarding 
planetary apogees and dimensions of manda and sighra epicycles, Thibaut reported 
agreement between the old SS and Brahmagupta's Khandakhadyaka but not so in 
respect of the modern SS. and the AryabhatTya. The formulae by which the two in- 
equalities are directed to be calculated are the same in the two siddhantas. 

Thibaut made it clear that a correct understanding of the evolution of the five siddhantas 
would be necessary to form a fairly accurate notion of the transition of Indian as- 
tronomy from the pre-scientific stage to its modern form. The Paitamaha-siddhanta, 
clearly based on the Vedahga Jyotisa, Garga Samhita, and the Jaina astronomical 
concepts, represented the pre-scientific stage. The Va&istha -siddhanta , represent- 
ing a more advanced form, probably belonged to the transitional period. The remain- 
ing three siddhantas, -Romaka,Pauh&a and Surya, represented the modern phase of 
Hindu astronomy and were inspired by Greek teaching . 63 Thibaut thought it highly 
probable that the earliest Sanskrit works in which this inspiration manifested itself 
were the Paulisa and the Romaka, using the Metonic cycle, the tropical year, giving 
the longitude difference between Ujjayin! and Yavanapura and computing ahargana 
from the meridian of the latter. But all sorts of difficulties arise when we attempt to 
pinpoint the channels of transmission. The great influence and prestige of Ptolemy in 
the ancient world would have suggested his Syntaxis as the source of main inspira- 
tion in Indian astronomical renaissance, but such a conjecture is negatived by a com- 
parison of any of the early siddhantas of this transitional period with the Greek astro- 
nomical masterpiece. Whitney had suggested that the original transmission took place 
before Ptolemy, possibly between the time of Hipparchus and Ptolemy. Thibaut con- 
sidered the possibility of the siddhantas deriving the Greek elements from manuals, 
astrological works and tracts concerning calendar making, a class of literature quite 
different from scientific astronomical treatises worked up by men like Hipparchus, 
Ptolemy or Theon. Such a conjecture, he believed, would ’help to render the whole 
process of transmission more intelligible '. 64 In recent years some good results have 
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actually been achieved through investigations of the Greek and Sanskrit astrological 
literature of this period. 


AL-BlRUNl ON INDIAN ASTRONOMY 

In the seventies of the last century Edward C. Sachau, of the Royal University of 
Berlin edited and translated into German and English al-Blrunl's Kitab Tahqiq ma li 
'l-Hind The manuscnpt of the Arabic text was prepared in 1872, a German transla- 
tion of it between 1883 and 1884, and an English translation during 1885-86. The 
Arabic text appeared in print in 1 885-86 and the English translation two years later in 
1 888 The work brought to light the investigations into astronomy and other sciences 
of India as well as into the history, geography, literature, manners, customs and be- 
liefs of the peoples of the sub-continent by one of the greatest of scholars and scien- 
tists produced in the Arab culture area in the medieval times. Al-BiVum's scientific 
interests were of an encycliopaedic nature extending from astronomy, mathematics 
and geography to medicine, religion, philosophy and magic. As an orientalist in his 
endeavours to understand the contributions of the Indians in exact sciences from 
original sources he achieved in the beginning of the eleventh century under adverse 
circumstances what European orientalists with much better equipments and facilities 
struggled to do in the beginning of the nineteenth century Reinaud's Memoire 
geographique histonque et scientifique sur Unde (Paris, 1 849), Steins Chneider's 
papers on the history of translations from Sanskrit into Arabic and their influence on 
Arabic literature in the ZDMG, Fluggel's translate of Fihnst, GildemeisteTsScnptorwra 
and a few other works had provided some glimpses into Indo-Arabic scientific ex- 
changes at the beginning of the Arab intellectual revival Sachau's translation and 
elaborate notes provided new materials for a better understanding of the state of scien- 
tific and astronomical knowledge of the Indians before al-BlrQnl's time 

In the foundation of Arabic literature laid between A.D. 750 to 850, Sachau observed, 
the literature of Greece, Persia and India were taxed to help remove the sterility of 
the Arab mind 65 As far as India's contribution is concerned, it reached Bagdad in two 
different roads as also in two different periods. Some of the Sanskrit works were 
directly translated into Arabic and others travelled through Iran having been first trans- 
lated from Sanskrit or Pali into Persian and subsequently from Persian to Arabic. The 
first period was during the reign of Khalif al-Mansur (A.D 753-774) and the second in 
Harun al-Rashid's time (A.D. 786-808). In the first period when Sindh was under the 
Khalit's rule, Indian embassies visited Bagdad, and such opportunities were probably 
utilised for the exchange of scholars. It was in this way that the Arab scholars came in 
contact with Indian astronomers and first learnt of Brahmagupta's two astronomical 
texts Brahmasiddhanta ( Sindhmd ) and Khanda-khadyaka (Arkand) These two 
works were translated by al-Fazarl and by Ya'qub Ibn Tartq with the help of Indian 
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pandits and were possibly the first works to introduce the Arab scholars into a scien- 
tific systems of astronomy 66 Muhammad ibn Ibrahim al-Fazarl hailed from a family of 
scientists and technicians, his father being a reputed astrolabe-maker and was the 
first propagator of Indian astronomy among the Arab scholars. Al-Blrunl quoted from 
his work, informed us of his use of the word pala meaning a 'day-minute' and his 
method of computing the longitude of a place from two latitudes, and discussed his 
planetary cycles as derived from Indian astronomers "These star-cycles as known 
through the canon of Alfazari and Ya'qub Ibn Tariq," al-Biruni wrote in his India, 
"were derived from a Hindu who came to Bagdad as a member of the political mission 
which Sindh sent to the Khalif Almansur, A H. 154 (=A D 771) If we compare these 
secondary statements with the primary statements of the Hindus, we discover dis- 
crepancies, the cause of which is not known to me." 67 

Ya'qub Ibn Tariq, frequently mentioned by BTruni, was well versed in astronomy, chro- 
nology and mathematical geography as practised in India Al-Biruni quoted his meas- 
ures of the circumference and the diameter of the zodiacal sphere myojanas, which 
agreed with the system of PauliSa; the radius and circumference of the earth; and 
discussed his method for the computation of solar days in the ahargana, which he 
found as incorrect Blrunl remarked, "We have already pointed out .. a mistake of 
Ya'qub Ibn TIriq in the calculation of the universal solar and unaratra days As he 
translated from the Indian language a calculation the reasons of which he did not 
understand, it would have been his duty to examine it, and to check the various num- 
bers of it one by the other. He mentions in his book also the method of ahargana, i.e. 
the resolution of years, but his description is not correct " 68 In his account of the 
order of planets, their distances and sizes (ch LV), BTruni fully utilized the data given 
by Ya'qub because the only Hindu traditions we have regarding the distances of the 
stars are those mentioned by Ya'qub Ibn Tariq in his book. The Composition of the 
Spheres, and he had drawn his information from the well-known Hindu scholar who in 
A.H 1 61 , accompanied an embassy to Bagdad." 69 

In discussing the important methods, processes and doctrines, Biruni did not pro- 
ceed on the basis of a single standard text, but gathered his materials from a number 
of siddhantas, tantras and karanas. Und er siddhantas he included those works which 
were straight and not crooked or changing. Tantras or karanas represented another 
class of astronomical literature, which operated upon or followed a siddhanta. He 
thought that the Hindus had five siddhantas, e.g. Surya-siddhdnta composed by 
Lata, the Vasistha-siddhanta by Vifnucandra, the PuMa-siddhanta by one PuliSa, the 
Greek from the city of Alexandria (Saintra), the Romaka-siddhanta composed by 
Srisena, and the Brahmasiddhanta by Brahmagupta, son of Jisnu from Bhillamala 
between Multan and Anhilwara. He also mentioned Varahamihira'sParacostcW/iSnftAo 
as an astronomical handbook of small compass, but probably he did not get a copy of 
it as it appears from his statement: 'the name does not indicate anything but the fact 
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that the number of siddhantas is five U7 ° Of these five siddhantas he was able to 
procure the books of PuliSa and Brahmagupta from which he quoted extensively As 
an example of tantra he mentioned the work of Aryabhata and Balabhadra. Under 
karana, he included Brahamagupta's, Khandakhadyaka representing the doctrine of 
Aryabhata, Vijayanandin'S Karana-tilaka, Vattesvara's Karana-sara, Bhanuyasa's 
Karaya-para-tilaka and a number of karana works by Utpalas. Aryabhata's Dasagitika 
and Aryastaiata were also mentioned under this class. Moreover, several astrologi- 
cal sanihvtas, and jatakas or books of nativities are mentioned as his sources An- 
other important aspect of Blruni's researches was his intensive use of the astronomi- 
cal information contained in the Purdnas, of which his main sources were Vayu, 
Visnu, Matsya and Aditya Puranas. 

B T rum did not follow the usual chapter sequence typical of astronomical texts in arrang- 
ing his topics. He introduced a large number of small chapters to discuss one astro- 
nomical topic or concept at a time such as planetary names, zodical signs and lunar 
stations (ch XIX) . shape of heaven and earth (XXVI) . Lanka, the coupola of the earth 
(prime meridian) (XXX) geographical longitudes (XXXI) : vanous kinds of day (XXXIII) 
four measures of time (savana-mana, candra-mana, naksatra-mdna, tithi) (XXXVI) : 
definition of kalpa and caturyuga (XLI) : starcycles in a kalpa and caturyuga (L) : 
adhimdsa, unamtra, ahargana (LI) calculation of ahargana (Lll, LIU) computation 
of mean longitudes of planets (LIV) . order of planets, their distances and sizes (LV) : 
lunar stations (LVI) : solar and lunar eclipses (LIX) parvan (LX) • Jupiter's sixty-year 
cycle (LXII). The list is not exhaustive. For each subject he presented the views of 
different authorities, critically examined them, and gave his own verdict in a true 
scientific spirit. 

THE AGE OF THE VEDAS FROM ASTRONOMICAL CONSIDERATIONS 

In the closing years of the last century H. Jacobi and B G.Tilak interpreted certain 
passages of the Ftgveda and the Brdhmanas as indicating the positions of the sol- 
stices and equinoxes in the stellar zodiac and suggesting from the known rate of 
precession the date of these texts. Jacobi's explanation of the *frog hymn' in \heRgveda, 
VII, 1 03, 9, placing this Samhita in the fifth millennium B C originally appeared in the 
Festschrift on the occasion of Prof Roth's jubilee, translated into English by J Monson 
for the Indian Antiquary (23, 154-159, June 1894). Tilak's paper entitled 'Orion' was 
presented at the Ninth International oriental Congress, an abstract of which was 
published in the volume of the Congress. Buhler put on record that the honour of 
having found the new method of utilizing astronomical facts, mentioned in Vedic lit- 
erature, belonged to Jacobi and Tilak jointly, though the latter had published his 
results earlier. 71 
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The 'frog hymn' runs as follows : “They observe the sacred orders of the year, they 
never forget the proper time, those men, as soon as in the year the rain time has 
come, the hot glow of the sun finds its end " Jacobi interpreted this hymn as indicting 
the beginning of the year with the rainy season on the basis of which terms 'varsa' or 
'abda' (rain-giving) were coined for the year. 72 From the Suryasukta, X. 85, 1 3 and its 
variant in the Atharvaveda, XIV, 1,13, Jacobi further suggested that the summar 
solstice from which the early Rgvedic year began was then in PhalgunT. When the Sun 
at the summer solstice was in PhalgunT, the full-moon was in Bhadrapada or 
Prausthapada thus coinciding with onset of the rainy season (Fig. 3.3) In this scheme 
the positions of the autumnal and vernal equinoxes would clearly be at the naksatras 
Mula and Mrgasiras. At the autumnal equinox in Mula the corresponding month from 
the full-moon in Mrgasiras was Agrahdyana, which was the first month of the sarad 
year reckoned from the autumnal equinox. Moreover, Mula was probably the first 
naksatra at one time which agrees with its etymological meaning "root-beginning" 
Its other name vicrtau meaning ’dividers' points in the same direction No less signifi- 
cant is the meaning of the preceding naksatra as Jyestha meaning the 'oldest', that is 
to say, the naksatra that kills or closes the old year. 73 Jacobi also suggested another 
year, the hima year, starting with the winter solstice in the month of Phalguna, be- 
cause this month has often been described as the mouth ( mukham vd etat 
samvatsarasyaydtphalgunipurnamdsdt,pahc Br. 5, 9.9). 

Jacobi gave a table of longitudes of the principal stars of the naksatras for the years 
A.D. 560, 0 B.C., 1000 B.C., 2000 B.C , 3000 B.C., and 4000 B C. In 4000 B.C. the 
longitudes of stars marking the equinoxes and the solstices were as follows : Mrgasiras 
- 5°38; U. PhalgunT - 93°.32; Mula - 186° 26; P Bhadrapada - 275M6. Therefore 
such a Vedic year and year beginning appear to have obtained a few centuries earlier 
than this date. 

Tilak proceeded in a different way. In the Veddnga Jyotisa the year was no doubt 
made to commence with the winter solstice. The various sacrifices like the gavdm 
ayana also commenced from the winter solstice day. This also appears to be the case 
from the use of the term uttarayaipi which meant the phenomenon of the Sun's 
turning north at the winter solstice. Here Tilak pointed out that in the earlier time this 
was not the case. The middle day of the annual satra is called the vi§uvan day, and 
this visuvan is the equinoctial day when the day and night are equal in length. Tilak 
then draws attention to the words 'devayana' and 'pitryana' frequently occuring in the 
Samhitas, Brdhmanas and Upani?ads. These two paths, according to Tilak, repre- 
sent the two halves of the ecliptic, devayana representing the uttarayana with which 
the three deva seasons, e.g. spring, summer and rains are associated, and pitryana 
answering for the other half connected with the three pitr seasons Sarad, hemanta 
and Siiira. The commencement of the formerwas thus marked by the vernal equinox 
and that of the latter by the autumnal one. “We must, therefore, hold," observed Tilak, 
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"that devayana in those days was understood to extend over the six months of the 
year, which comprises the three seasons of spring, summer and rains, i.e. from the 
vernal to the autumnal equinox, when the Sun was in the northern hemisphere or to 
the north of the equator." 74 

Having established that there were at least two year- beginnings in the Vedic times, 
one at the vernal equinox and the other at the winter solstice, Tilak examined the 
question of the correlation of the naksatra series with the vernal equinox He showed 
that in the Vedanga Jyoti$a the vernal equinox was placed in the last quarter of 
BharanT, from which a natural conclusion would follow that the vernal equinox coin- 
cided with Krttika at the time of the Taittiriya Samhita. Moreover, different state- 
ments of the Taittiriya Samhita and Brahmana pointed to the same conclusion . 
" firstly , the lists of the naksatras and their presiding deities, given in the Taittiriya 
Samhita and Brahmana all beginning with Krttikas; secondly, an express statement in 
the Taittiriya Brahmana that the Krttikas are the mouth of the naksatras ; thirdly, a 
statement that the Krttikas are the first of the Leva naksatras, that is, as I have shown 
before, the naksatras in the northern hemisphere above the vernal equinox; and 
fourthly, the passage in the Taittiriya Samhita above discussed, which expressly 
states that the winter solstice fell in the month of Magha. The vernal equinox is 
referred to the Krttikas directly or indirectly in all these passages. " 7 ® On this basis, the 
date of the Taittiriya Samhita, as shown by Whitney in his notes to the translation of 
the Surya-siddhanta, worked out to be 2350 B.C. If the placement of the correspond- 
ing asterism be taken to be 1 0°51 ' from the initial point in the zodiacal circle, the date 
would be reduced by 792 years, or to about 1426 B.C. 

T ilak then proceeded to prove the existence of another hidden internal evidence in the 
Vedic literature which pointed to a still remoter antiquity. This evidence is connected 
with certain passages in the Taittiriya Samhita stating that the Citra and PhalgunT 
full-moons ( citru-pUrna-mdsa and phalgum-purna-mdsa) were the beginnings of the 
year. He argued that the year beginning with the full-moon in Phalguna meant the 
coincidence of the winter solstice with the asterism Uttara Bhadrapada, the summer 
solstice in Uttara PhalgunT, the vernal equinox with MrgaSiras and the autumnal equi- 
nox with Mula, in other words, T ilak arrived at the same position of the equinoxes and 
colures vis-a-vis the naksatra (Fig 3 3) as did Jacobi from his consideration of the 
■frog-hymn'. In analogy with the Krttika, the Mrgasiras was then the mouth of the 
naksatras Although no textual support in favour of this could be provided, the corre: 
sponding month of Agrahdyana, also known as MrgalTrsa was then possibly the first 
month of the year inasmuch as agrahayani literally means 'commencing the year 1 . 74 
Significantly enough the asterism Mula was then 1 80° further from MrgaSiras. “1 should 
rather suggest," continuedTilak, “that Mula was so called because itsacronycal rising 
marked the commencement of the year at the time when the vernal equinox was near 
MrgaSiras and winter solstice fell on the PhalgunT full-moon' l77 .This is the same scheme 
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as was hit upon independently by Jacobi, pointing to the antiquity of the Vedic litera- 
ture in the neighbourhood of 4000 B.C. 


MOla 

Autumnal 

Equinox 


P. Bhadrapada 
Winter Solstice 



U. PhalgunT 
Summer 
Solstice 


Mrgasiras 

Vernal 

Equinox 


Fig. 3 3 


Buhler welcomed these contributions as providing evidence for year-beginnings on 
vanous dates in the Vedic times If the high antiquity of the Vedic literature following 
from astronomical considerations were somewaht hard to accept, Jacobi andTilak's 
work provided support to the findings of research workers in the field of Brahmanical, 
Buddhist, and Jaina literature that the Indo-Aryan history extended very considerably 
beyond 1500 B.C. 78 

Whitney completely disagreed with the views expressed in these two papers The 
authors, in his view, brought forward nothing that could force to change the hitherto 
current views on the antiquity of the sacred literature of the Indians. All inferences 
drawn from th eBrahmanas regarding year- beginnings appeared to him 'helplessly 
weak support for any important theory'. As to Tilak's devayana and pitryana there 
was nothing so far brought to light in the Rgveda that would admit of ayanas, equi- 
noxes and solstics being regarded as distances and points That Agrahayana itself 
designated the asterism Mrgasiras and proved to have been the first asterism of a 
series beginning and ending with the year was, according to Whitney, by no means to 
be credited in the absence of any passage exhibiting such use 79 

Thibaut also disagreed with the views of Jacobi and Tilak, but before doing so he 
analyzed the same passages of Taittiriya Samhita and Tanda Brahmaiux with a 
view to proving that these'admitted of a different interpretation In the process he 
gave a masterly analysis of the Vedic months, years, solstices, gavam ayana and 
other relevant sacrificial rites which throw some light on the knowledge of astronomy 
in the Vedic times. About the Krttika and Mrgasiras series simultaneously leaving their 
traces in the same Vedic texts, from which their two different degrees of antiquities 
separated by about 2000 years could be inferred, Thibaut observed, “it is certainly not 
antecedently probable that the Brahmana texts exhibited by us should, within their 
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short compass, contain records of observations separated from each other by several 
thousands of years." 80 His other objections may be summarized as follows . (1) The 
month Phalguna as the mouth of the year occurs in several places of the Brahmanas 
and has no more significance than a mere opinion (2) Solstices in Vedic India were 
looked upon as marking the beginning of the year (3) In the Brahmana period full- 
moon in Phalgun! could not have coincided with the vernal equinox; (4) In India, 
vernal equinox did not in any way mark an important point in the revolution of the 
seasons; accordingly, equinoxes or anything connected with them are nowhere in the 
Vedic literature referred to either directly or indirectly, (5) the beginning of the spring 
of Brahmanas is thus in no way connected with the vernal equinox. 

Thus by the end of the nineteenth century the study of ancient Indian astronomy was 
placed on a firm footing through the discovery of several important manuscnpts and 
publication ot their critical editions and translations. Most of the important authors 
and their commentators of the classical and medieval periods were reviewed and 
brought to light The extent and quality of pre-scientific astronomical knowledge dur- 
ing Vedic times became crystallized The study oiVaraha' sPancasiddhantika threw a 
flood of light on the transition of Indian astronomy from the pre-scientific to the scien- 
tific stage Reinaud's notices and Sachau's translations of Al-Blrunl's investigations 
revealed the reception of Indian astronomy in the Arab countries during the early 
medieval period. Thus, was laid a solid and broad foundation for the history of as- 
tronomy in India from which to attempt further refinements and more detailed studies 
in the new century opened up. An admirable summary of the progress of knowledge 
in ancient India’s contribution to astronomy, astrology and mathematics was given by 
Thibaut in the Grundnss in 1899. 81 


PROGRESS IN THE TWENTIETH CENTURY 
VEDIC KNOWLEDGE OF PLANETS 

Weber did not notice the mention of planets in any texts earlier than the Taittiriya 
Aranyaka. This raised the question whether the Vedic Hindus were acquainted with 
the planets. The seven ddityas mentioned in the Rgveda (IX. 11143) were inter- 
preted by Oldenberg as referring to five planets in addition to the Sun and the Moon. 
Ludwig likewise interpreted the number 34 mentioned in the Rgveda (X 55-4; I 
162 18) as the sum of 27 naksatras, 5 planets and the Sun and the Moon. In the 
Orion, Tilak showed that the words sukra, manthm and vena were sometimes men- 
tioned in the Rgveda and the Brahmanas. In his paper on Brhaspati and Tisya, Fleet 
quoted passages from th e Rgveda and the Taittiriya Brahmana to prove that Brhaspati 
mentioned in them clearly referred to planet Jupiter. Thus, he qaue Rgveda, 4.50 4 in 
English translation as follows: "Brhaspati, when first being born from a great light or 
brightness in the highest heaven, seven mouthed, of a powerful nature, seven rayed, 
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with a deep sound blew away the darkness " 82 In the Taittiriya Brahmana (31 15), 
Brhaspati is mentioned in connection with the naksatra T isya in an astronomical sense, 
as follows : "Brhaspati, when first being born, came into existence over against the 
naksatra Tisya — he the best of the gods, victorious against hostile armies let us be 
free from fear in all directions." These two verses are clearly related Brhaspati again 
is the regent or presiding deity of the naksatra Tisya or Pusya This naksatra com- 
prises three stars according to some and one according to others, and its principal 
star has been identified with 8 Cancri in the constellation of Cancer (Praesaepe) This 
star-cluster is usually visible to the naked eye as a misty nebular patch and is occa- 
sionally marked by the appearance of a new star or a nova. Fleet suggests that, when 
the Brahmana observation was recorded, Jupiter was quite close to Praesaepe in 
which a new star appeared with an exceptional outburst producing great light in the 
highest heaven. “In short," observed Fleet, "In these two passages, certainly, I would 
find a distinct mention of a planet in the Vedas, the planet in this case being Brhaspati, 
Jupiter." 83 In support of his interpretation, Fleet also quoted Rgveda verse 5 54 13 
referring to the occasional disappearance of the starcluster Praesaepe 

Keith did not believe that the Vedic Hindus were aware of the planets. According to 
him their naksatra system was borrowed from some other nation. Although he admit- 
ted that Fleet's arguments were ingenious he gave a different construction to the 
passages and concluded that the new evidence adduced by him did not really help 
towards providing the Vedic knowledge of the planets. 84 

THE VEDIC CALENDAR 

In 1912 R Shamasastry carried out an investigation of several passages in the 
Samhitas, Brahmanas and Sutra literature to understand the efforts made in the 
Vedic times to evolve a workable calendar 85 The term 'Vedic Calendar 1 , he admitted, 
would be an anachronism because clear references to a calendar were wanting in the 
Vedas proper; but such was not the case in the sutra literature which clearly recorded 
various attempts made to evolve calendars, which could be appropriately designated 
'sutraic calendars'. Nevertheless, allusions to a calendar, he maintained, were not 
altogether wanting in the Vedas. These allusions are to be found in the frequent use of 
the term ekastaka day, which meant the eighth day of the dark half of the month of 
Magha, marking the beginning of the new year. Moreover, there are distinct refer- 
ences to the thirteenth month used for purposes of intercalation so as to make the 
lunar reckoning agree with the natural time 

The onset of the ekastaka day is hailed in the Atharvaveda (111,10) as - 'Hither hath 
come the year, thy spouse, O sole Astaka, do thou provide our long lived progeny with 
abundance of wealth.' Tdndyamahabrahmana (V. 9.2) has it : "What is called the 
ekastaka (day) is the wife of the year; when the night of this day arrives, (Prajapati) 
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lies with her Hence, commencing with the (true) beginning of this year, (sacnficers) 
observe the rite of initiation " These and similar other verses mate it clear that the 
year, possibly solar, used to begin on the eighth day of the dark half of the month of 
Magha The ekatfaka day, Shamasastry suggested, was a lunar day The lunar year 
from one ekastaka to the other comprised 354 lunar days. There was also a savana 
year of 360 days commencing on the ekastaka day which consequently needed an 
adjustment of 6 days between these two kinds of years This was done by means of 
intercalation. 


The practice of intercalation through the introduction of a thirteenth month was as old 
as Rgveda Rv. 1 25.8 states, “He who, accepting the rites (dedicated to him) knows 
the twelve months and their productions, and that which is supplementarily engen- 
dered ( upajayate ) " The word upajayate means, according to Sayana's commentary, 
'the thirteenth or additional month which is produced of itself, in connection with the 
year 1 Th eAtharvaveda (XIII, 3.8) explicitly mentions the thirteenth month ( trayodasam 
masamyo mrmimite) In the Black Yajurveda, the thirteenth month is called a creep- 
ing month ( samsarpa ), ’thou art the month of samsarpa; and thou art the receptacle of 
sin' (i.4.1 4). These and similar references in th eBrahmanas make it abundantly clear 
that the Vedic poets kept a calendar with far more scientific precision than we are 
pleased to credit them with 1 Shamasastry argued that the idea of a thirteenth month 
could not have dawned upon the Vedic poets unless they had been familiar with the 
true lengths of several kinds of years. The intercalation by a thirteenth month was 
preceded by the practice of adjusting the two kinds of year by introducing sets of 
intercalary days, e g 9,11,12,21, etc. 

The Niddna-sutra of the Samaveda provides evidence of different types of years and 
of different Vedic schools practising intercalation in various ways In fact, the sutra 
uses the term gavam ayana in the sense of a year containing a number of interca- 
lated days inserted either in the middle or at the end. Literally the term means 'cow's 
walk 1 , i.e a series of intercalary days. Thus : 


(a) Synodic lunar year of 354 days 
Sidereal solar year of 366 days 

(b) Sidereal lunar year of 351 days 
(13 months of 27 days each) 
Savana year of 360 days 

(c) Savana year of 360 days 
Solar year of 365-J-days 


dvadasaha or penod of 12 days to be 
added to every lunar year. 

9 intercalary days to be added 

21 days to be added to every fourth 
savana year. 


Besides, there were a few other types of years, e.g. a sidereal lunar year of 324 days 
(27 x 12), sidereal solar year of 366 days and pseudo solstitial year of 378 days. Of 
the various forms of calendars used in the Vedic times, the principal ones appear to 
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be the following . 

(a) The sidereal lunar year of 351 days, with 9 or 1 5 days intercalated according as 
it was to be adjusted to the savana year of 360 days or to the sidereal year of 
366 days. 

(b) The synodic lunar year of 354 days intercalated with 1 2 days as stated above 

(c) The cycle of three savana years each of 360 days, intercalated with 1 8 days in 
every third or fourth savana year, for adjustment to the sidereal solar year of 
366 days 

Berriedale Keith agreed with Shamasastry that there was a Vedic year of 360 days 
vouched for by the Rgveda and further that the Vedic Hindus were aware of the need 
for intercalation and practised it for keeping the seasons in check The most that we 
can say on this head is that there are traces of a tendency to intercalate a month 
every fifth or sixth year, but that even for this the evidence is not cogent.' 86 He disa- 
greed with Shamasastry's interpretation of gavam ayana as an intercalary period 
made up of any number of intercalary days, because this sense of the term was not 
hinted at by any ancient authority 

KAYE'S HINDU ASTRONOMY, ARYABHATA STUDIES 
BY P. C. SENGUPTA AND EUGENE CLARK 

During the first three decades of the present century, George Rusby Kaye generated 
further interest in the study of mathematics and astronomy in ancient and medieval 
India His researches in astronomy concerned spherical astronomy, Vedic astronomi- 
cal deities, Jai Singh's observatories and related subjects In a publication of the 
Archaeological Survey of India he carefully described the metal and masonry instru- 
ments associated with the observatories built by the astronomer king, - astrolabes 
among the metal instruments, and samrdt yantra, jai prakai, ramyantra, digam&a 
yantra, nadivalaya yantra, sastyamsa yantra, rah valaya and a few others. In an- 
other publication of the same survey he traced the development of Hindu astronomy, 
noticing the labours of early investigators such as Cassini, Le Gentil, Bailly, Laplace, 
Davis, Jones, Bentley and Colebrooke; pre-scientlfic astronomy in the Ved ic Samhitds, 
Jatakas, epics and the Puranas ; special topics such naksatras, solstices and equi- 
noxes, precession, Jupiter's cycle; a number of prominent astronomers like PuliSa, 
Aryabhata, Varahamihira and Brahmagupta, mathematical astronomy involved in such 
topics as ascensional difference, epicycles and equations of centre, parallax, and 
eclipses. Despite the merit of Kaye's diligent researches and prolific writings his works 
suffered somewhat for his strong bias in favour of foreign influence in the develop- 
ment of astronomy and mathematics in India. 
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It was no wonder that the challenge thrown up by the writings of Kaye should be taken 
up by Indian as well as some foreign scholars From about the middle of the twenties 
Bibhuti Bhusan Datta, Sukumar Ranjan Das, Prabodh Chandra Sengupta, Walter 
Eugene Clark and a few others started a series of investigations on ancient Indian 
astronomy Datta 87 dealt with the question of two Aryabhatas, - the elder Aryabhata 
and his younger namesake of Kusumapura, which influenced Kaye, Smith and others 
to advance doubts about the authorship and date of composition of Ganita, a section 
oiAryabhatiya. He compared al-BTrunl's references to passages attributed to Aryabhata 
with those of the extant Ar yabhatiya, noticed the work of Arya-siddhanta by an 
author of the same name whom Dikshit and Sewell placed in A D. 950, and proved 
the error of Kaye in attributing the Gamta section of the Aryabhatiya to Aryabhata of 
Kusumapura and placing the latter in the 10th Century A.D 

Intensive researches on Aryabhata developed after the publication by Kern of the 
Aryabhatiya with the commentary by Paramesvara.The mathematical chapters of the 
work were studied by Rodet, Kaye, Datta and Ganguli The whole work was trans- 
lated into English by RC. Sengupta in 1 927 and Walter Eugene Clark in 1930 Sengupta 
made a special study of Aryabhata's astronomical system and translated in English, 
with a short introduction, Brahmagupta's Khandakhadyaka, based on Aryabhata's 
mid-night system. He further developed the idea that Aryabhata was possibly the 
father of Indian epicyclic astronomy. According to him, astronomer Pradyumna made 
a special study of the superior planets, while Vijayanandin likewise studied the pecu- 
liarities of the inferior planets Both these astronomers flourished before the time of 
Aryabhata and did for Indian astronomy what Hipparchus had done for the Greek 
Aryabhata utilized the work of Pradyumna and Vijayanandin, determined afresh some 
of the astronomical constants, and constructed the Indian epicyclic astronomy, ‘as far 
as it can be called so', which inspired later Indian astronomers. Thus the position of 
Aryabhata in India,' observed Sengupta, ‘was the same as that of Ptolemy in Alexan- 
dria. This explains the reason why Aryabhata is held in so great esteem by all Indian 
writers 188 Sukumar Ranjan Das, in a series of papers of an expository nature, dis- 
cussed such problems of Indian astronomy as parallax, preoession and libration of 
the equinoxes, lunar and solar eclipses, astronomical instruments, the Jaina calen- 
dar, and motion of the earth as conceived by ancient Indian astronomers. 

AL-ANDALUSi 'S CATEGORY OF NATIONS 

In 1 935, Regis Blach6re translated into French Sa ‘id al-AndalusI's Kitab Tabakdt al- 
Umcan ( Livre des Categories des Nations) . The text was produced in Spain in the 
eleventh century and recorded some old Arabic tradition about Indian astronomy. In 
describing various categories of nations and their aptitudes in arts and sciences, in 
other words in intellectual pursuits, Sa ‘id stated that only eight nations were inter- 
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ested in, and comprehended, science. These eight peoples were the Hindus, the 
Persians, the Chaldeans, the Jews, the Greeks, the Romans, the Egyptians and the 
Arabs In this list of eight nations which cultivated the sciences, he placed the Hindus 
at the head because 'Les Indous, entre toutes les nations, & travers les siecles et 
depuis I'antiquite, furent la source de la sagesse, de la justice et de la moderation Its 
furent un peuple done de vertus ponderatrices, creature de pensees sublimes, 
d'apologues umversels, d'mventions rares et de traits d'esprit remarquables' 89 In as- 
tronomy he recorded the tradition of Sindhmd, Arjabhar, and Arkand, the three 
works among many, known to the Arabs, of which only the first one, e g th e Sindhmd 
had been transmitted to the Arabs in a perfectly intelligible form According to him, 
Sindhind meant 'infinite time' ("temps infira"); this work was adopted and lent itself to 
the preparation of astronomical tables by a number of Arab astronomers such as 
Muhammad ibn Ibrahim al-Fazarl, Habas ibn 'Abd Allah al-Bagdadl, Muhammad ibn Musa 
al-Khwarizml, al-Husain ibn Muhammad known by the name of Ibn al-Adaml Sa ‘Id also 
faithfully recorded the tradition of the arrival in Khalif al-Mansur’s court of an Indian 
astronomer versed in the calculations followed in the Sindhind and equipped with a 
copy of the book containing twelve chapters, dealing with astronomical equations 
(ta'adil), sine lines ( karadajat ) and other subjects. Al-mansur ordered an Arabic trans- 
lation of the Sanskrit text, and charged al-Fazarl with the task, which he accomplished 
under the title as-Smdhind al-Kabir (the Great Sindhmd). This work was later on 
abridged by al-Khwarizml who dealt with the mean longitudes (awsat) after the 
Smdhmd, but introduced the methods of the Persians and Ptolemy in some astro- 
nomical matters. Even in his time, his contemporaries who had a preference for the 
Sindhind held the work in lively admiration. In Sa ‘Id's time Smdhmd continued to be 
useful to those who desired to cultivate astronomy (Les contemporains, partisans du 
Sindhind, marqu6rent toutefois une vive admiration pour ce trait6 et eu firent les plus 
grandes 6loges. Ce livre n'a cess6 de servir h ceux qui cultivent I'astronomie, jusqufa 
nos jours). 80 


OTTO NEUCEBAUER'S CONTRIBUTION 

In the fifties Otto Neugebauer, already distinguished for his work on cuneiform math- 
ematical texts, published a series of papers in quick succession, which added a new 
dimension to researches in the history of Indian astronomy. Upon the appearance in 
1953 of Louis Renou and Jean Filliozat's Linde classique - Manuel des Etudes 
indiennes, Neugebauer produced an essay review of the work, particularly of its arti- 
cles on astronomy, drawing attention to the failures of sanskritists and orientalists to 
take note of important developments in other areas of great significance to Hindu 
astronomy. 91 Even after more than half a century the basic material for the general 
evaluation of the historical position of Hindu astronomy, he commented, was substan- 
tially the same as recorded by Thibaut in his 'Astronomie, Astrologie und Mathematik 1 
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in the Grundriss. This was because the relevant literature lay 'almost completely 
beyond the normal horizon of Sanskrit scholarship'. Greek and Babylonian influences 
on Hindu astronomy had been occasionally talked about more or less speculatively, 
but the half century provided some definite clues which had been ignored Thibaut 
realized the importance of the ratio of 3 2 as longest to the shortest day in the 
Pancasiddhantika, but hesitated to admit of its Babylonian origin unless the existance 
of such a ratio in Babylonian materials was actually demonstrated This demonstra- 
tion was provided by Kugler a year later in his Babylomsche Mondrechnung A few 
years later Franz Boll discovered in Greek astrological manuscripts fragments of tracts 
by one Babylonian astrologer of the name of Teucros, which passed into the writings 
of Abu Ma'shar, these fragments concerned constellations or spheres and were closely 
related to those known from Persian, Indian and Greek sources, The same constella- 
tions with their decans were identified by A. Warburg in the fifteenth century frescos 
in the Palazzo Schifanoja of Borso This discovery meant that 'all the major steps of a 
complete cycle of transmission of astrological lore and its transformation from Hel- 
lenistic Egypt to India and back to Europe had been established ' 

Thibaut had already noted in the Pancasiddhantika, the Babylonian fundamental pe- 
riod relation for Jupiter. Twentyfive years later P Schnabel, in a short note in the 
Zeitschrift fur Assyriologie (1 924), showed that the periods of Saturn and Venus also 
agreed with those given in the Babylonian planetary texts of the Seleucid period This 
was the background of Neugebauer's own interest in Varaha's Pancasiddhantika, for 
he stated, "Matters rested at this point for another 25 years until I realized that the 
methods described by Thibaut in his summary of the 'third period' (Vasistfia-siddhanta 
and Vakyam) were identical with methods represented by two Greek papyri of the 
Roman imperial period and eventually with procedures of Babylonian astronomy, ex- 
actly as in the case of Kugler's and Schnabel's identifications.' Earlier in his Exact 

Science m Antiquity, Neugebauer had made similar investigations, " we stand 

today only at the beginning of a systematic investigation of the relations between 
Hindu and Babylonian astronomy, an investigation which is obviously bound to give us 

a greatly deepened insight into the origin of both fields The fact that a close 

relationship between Babylonian linear methods and sections of thePancasiddhantika 
can be established is only one facet of the general problem of the evaluation of the 
role of Hindu astronomy in the history of science... . We have here an early historical 
report on source material which is no longer extant, or at least no longer extant in 
exactly the same form. On the other hand Varahamihira is also one of the main sources 
of al-Blrunl's report on Hindu astronomy and astrology, written about A.D. 1 030 Con- 
sequently Varahamihira occupies a central role for the study of Hindu astronomy" 92 
This explains the publication by Neugebauer and Pingree of a new and critical edition 
of the Pancasiddhantika with an English translation and commentary in 1970-71 

One of the early efforts of Neugebauer was directed to trace Babylonian linear and 
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arithmetical methods in the computational procedures of calendar makers of South 
India for determining the times of occurances of eclipses, recorded by Le Gentil and 
John Warren and already mentioned before 93 Warren obtained his information from 
a calendar maker 'who showed him how to compute a lunar eclipse by means of 
shells placed on the ground, and from tables memorized by means of certain artificial 
words and syllables'. The Tamil informer (Sashia) computed for Warren the circum- 
stances of the lunar eclipse of 1 825 between May 31 and June 1 The errors were - 4’ 
for the beginning, - 23' for the middle and - 52' for the end The surprising thing was 
not the accuracy of the computational procedures, but the continuance of a tradition 
first found in the Seleucid cuneiform texts dated 2nd or 3rd century B C , Roman 
sources of the 3rd century A.D , and Varlha's report of the 6th century A D Neugebauer 
suggested that the thriving Indo-Roman maritime trade during the first few centuries 
of the Christian era brought about the transmission of the procedures to astronomers 
and almanac makers of South India He gave a full account of the procedures with the 
help of Warren's tables and his own reconstructions for which the original paper must 
be consulted. Three years later B L Van der Waerden examined the same materials 
of Warren and Le Gentil and explained some of the gaps left unexplained by Neugebauer, 
which will be discussed in what follows. 

In another paper Neugebauer discussed the transmission of planetary theories and 
gave an excellent exposition of the eccentric-epicyclic model. 94 If the geometry of the 
true positions of the planet be worked out by first applying the apsis ( rnanda ) correc- 
tion and then the conjunction ( 6ighra ) one without making any approximation, the 
correction 5 being the difference between the true and mean longitudes (A, - A,' ), will 
be given by . 

„ „ rsiny-esincc 

R sin 5 = 

V {(r sin y- e sin a) 2 + (R + e cos a + r cos y) 2 } 

where a = anomaly, y= argument, e = eccentricity, r = radius of the §ighra epicycle, 
and R = radius of the deferent circle. Clearly, the equation involving both the correc- 
tions is unusable for tabulation for which the Sighra and manda corrections, a and p 
respectively are computed separately by introducing certain approximations One 
approximation introduced by Hindu astronomers was to transfer the position of the 
mean planet as modified by the manda correction to the deferent circle and then draw 
the iighra epicycle with this transferred point as centre. The second approximation is 
to ignore the eccentricity for the manda correction compared to the large value of the 
deferent radius, but to retain the value of the Sighra epicycle radius while computing 
the hghra corrections, which leads to the following corrections 

For manda correction, R sin p = e sin a 

For iighra correction, R sin a = h . r sin y 
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where h 

V{(R + rcosy ) 2 + (rsin y) 2 } 

Neugebauer remarked that there was 'no compelling reason to treat the effect of the 
eccentricity with so much less accuracy than the effect of the anomaly, except for the 
fact that usually e is smaller than r.The followers of Aryabhata, however, did not insist 
on this approximation and retained the eccentricity in computing manda corrections 
To neutralize the errors due to the aforesaid approximations the Hindu astronomers 
developed a procedure in which the manda and sighra corrections were not directly 
added to the mean longitude, but the corrections were introduced in stages by apply- 
ing half the values of p and c. These procedures by half are given in all astronomical 
texts, of which Neugebauer has furnished an elegant geometrical exposition The 
same procedure was adopted by al-Khwarizml in constructing his planetary tables 
Neugebauer also noted the Indian practice of employing variable epicycles for both 
these corrections, but left it unexplained 

The importance of al-Khwarizml in relation to Indian astronomy has been recognized 
for a long time in as much as he syncretized Hindu mathematical and astronomical 
knowledge with that of the Greek and played a notable part in the second phase of the 
Arab intellectual revival. Al-Khwarizm?s astronomical tables, in Arabic original, have 
not come down to us, but survived in a Latin translation of one of its edited versions by 
the Spanish astronomer Maslama al-Majritl (about A.D. 1000). The Latin translation 
was probably done by Adelard of Bath. At the beginning of the present century A 
Bjornbo and R Besthorn prepared a critical edition of the text with notes and H Suter 
prepared an elaborate commentary, resulting in the publication in 1914 of Die 
astronomischen Tafeln des Muhammed ibn Musa from Copenhagen Suter did not 
attempt to translate the Latin text in any of the modern European languages because 
'it would be of little use to anyone who is not familiar with ancient and medieval 
astronomy’. Nearly fifty years later Neugebauer rendered a signal service to the his- 
tory of Arabian and Hindu astronomy by producing an English translation and com- 
mentary of the Latin version of al-Khwarizm?s tables as edited by Suter and adding 
supplementary materials from a manuscript found in the Corpus Christi College, 
Oxford. Majritl's edition, according to Neugebauer, appears to be somewhat removed 
from the originally of al-Khwarizml, a commentary on the tables by al-Mutanna (c 1 0th 
century A.D.) latinized by Hugo Sanctallensis probably used a more coherent treatse 

Be that as it may, the present English version makes it abundantly clear how the rules 
from Hindu astronomical treatises were utilized and juxtaposed with those from the 
works of Ptolemy and Theon. In the very introductory paragraph al-Khwarizml 
refers to the prime meridian of Arin (UjjayinT) as follows : "To describe all regions of 
the earth and to establish all (local) times would be tedious and unfeasible since, for 
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innumerable times and for boundless regions, the meridians have been recorded 
(with respect to) Arm,. ." 96 In chapter 7 on the mean positions of each planet we are 
told that such positions are given in the table for the locality of Arm, and a longitude 
correction will have to be made if we want to find them for any other locality The rules 
for making apsis and conjunction corrections to mean longitudes of the three superior 
planets — Mars, Jupiter and Saturn are given in chapter 10 Before describing the 
geometrical epicyclic-eccentric models and developing the equations, Neugebauer 
opens this commentary as follows "al-Khwarizml's procedure for finding the true 
longitude of a planet for a given moment is based on Hindu methods known to us from 

the Surya-siddhanta, Khandakhadyaka etc It is in any case certain that the 

underlying model was not influenced by Ptolemy's great innovation of a motion regu- 
lated from an eccentric equant The procedure followed by al-KhwarizmT, is a slight 
modification of the procedures we know from Hindu sources " 9e The rules for finding 
the latitudes of three superior and two inner planets were compared to those of the 
Aryabhatiya, Khandakhadyaka, and Surya-siddhanta and found to be based on the 
same model and formulae This is also true of the calculations of ascensional differ- 
ence Al-Khwarizm?s eclipse tables would also be understood in the light of rules 
given in th e Khandakhadyaka, which, set up in the modern mathematical language, 
revealed a close identity with the method given by Kepler for the calculation of paral- 
laxes in latitude and longitude. 97 

Neugebauer's original insight into the historical position of Varahamihira and his 
Pahcasiddhantika and David Pingree's scholarship in Sanskrit astronomical litera- 
ture formed a happy combination in the production of a new critical edition of the text, 
with an English translation and an excellent commentary embodying a good deal of 
recent researches on the subject In their introduction to part I providing text and 
translation, the authorship question of the five siddhantas has been further clarified. 
Varaha's Paitamaha-siddhanta was derived from LagadhaWyotfsawedS/iga and not 
from the siddhanta bearing the same name and forming part of 
Visnudharmottarapurana Three Va&istha-siddhantas have been recognized, e.g 
(1) one Va6istha-siddhdnta mentioned by Sphujidvaja in his Yavanajdtaka and dataed 
around A D 269/70, (2) a VaSisthasamasa-siddhanta abridged from an older and 
original work possibly around A.D. 499, from which Varaha summarized the lunar 
theory, the solar theory, the theory of naksatras and tithis, and the gnomon prob- 
lems, and (3) a Vaiisfha-siddhanta attributed to Visnucandra and compiled probably 
in the latter half of the sixth century A.D. 98 Sphujidhvaja's Va&istha contained an 
earlier adaptation of the Babylonian planetary theory and the Vaii^thasamdsa- 
siddhanta dealt with Babylonian planetary theories and other astronomical elements 
more elaborately. Visnucandra's version known mainly from Brahmagupta's 
Brahmasphufa-siddhanta is a different type of work based on 'Srdharatrika (Lata) 
and audayika {Aryabhatiya) elements with some from Vijayanandin'. We have al- 
ready discussed Thibaut's comments on this wo rk. The Ramaka-siddhanta is known 
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in two versions, e g Varaha's account in chapters 1, 8-1 0, III, 34-35 and VIII, based on 
Lata's edition, and a work by SrTsena, known from Brahmagupta The Greek elements 
of the former have long been recognized and the authors suspect that it appeared in 
Western India during the §aka or Gupta rule §nsena's Ramaka-siddhanta was based 
on elements borrowed from Lata, Vasistha, Vijayanandin and Aryabhata For Varaha's 
Pauliia-siddhanta, Lata's commentary was again the source obviously based on 
Alexandrian-Greek sources But Paulus Alexandrinus, the astrologer-author of Eisagog 
(A D 378) who was not known to have written on astronomy could not be the same as 
Paulisa, the author of this siddhanta From Prthudakasvamin, Utpala and al-Blrunl, we 
know of another Pauliia-siddhanta, which developed an ardharatrika system and 
was written in the eighth century A D The authorship of the Surya-siddhanta as 
summarized by Varaha has been left an open question Neugebauer and Pingree 
believe that Lata was the author of the work on a tradition referred to by al-B7run7, 
although Varahamihira does not refer to Lata in connection with this work 99 It is admit- 
ted that the parameters to this Surya-siddhanta conformed to those of the 
ardharatrika system promulgated by Aryabhata, and further that Latadeva, 
Pandurangasvamin and Nihsanka were all pupils of Aryabhata. Why this senior es- 
teemed teacher whose system was adopted for working out the most accurate of the 
five siddhantas should not be given the credit of authorship is not understood 

In addition to the sources mentioned above, particularly Lita and Aryabhata, 
Varihamihira was in all probability influenced by the teachings of his father Adityadasa 
of an Iranian (Maga) lineage. Varaha mentions aYavana teacher, possibly a Sasaman 
astronomer Furthermore, what was the role of Simha, Pradyumna and Vijayanandin 
mentioned by Varahamihira as also by Brahmagupta"? Clearly the sources are far from 
being fully understood 

Despite its historical position the Pancasiddhantika appears to have exercised little 
influence on later astronomical literature in India. Brahmagupta and al-Blrunl who 
again depended on the former carried some notices, and Satananda in the eleventh 
century utilized Varaha's Surya-siddhanta in writting his Ehasvati Some references 
are found in Prthudakasvamin, Utpala, and Aryabhata's scholiasts Paramesvara and 
Nilakantha That is about all. Curiously enough the Pancasiddhantika tradition turned 
up in China in the eighth century astronomical work Chiu-Chih-li by Ch'u-Ta'n Hsi-ta 
(A.D. 718) It is well known that during the first few centuries of the Christian era a 
number of Buddhist scnptures with Indian astronomical content were translated into 
Chinese. These early tracts probably taught Indian astronomy of the pre-siddhantic 
period. The scientific astronomy characteristic of the siddhantas was introduced to 
China in the Thang period by the three schools of Indian astronomy represented by 
Kafyapa, Gautama and Kumara 100 The most prominent of them was probably Hsi-ta 
of the Gautama school, who prepared the Chiu-Chih-li ( nava-graha calendrical as- 
tronomy) The text discussed a number of Indian mathematical rules as applicable to 
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astronomy, contained a section on numerals, another section on sine tables in con- 
nection with the prediction of moon's positions, and so on The values of the sine table 
agreed with those given in the Aryabhatiya and Surya-siddhanta Neugebauer and 
Pingree have now identified in the Chiu-Chih-li the following elements of the 
Pancasiddhantika : 

"I. The computation of the ahargana (pp. 499-502). The Chiu-Chih-li uses formu- 
las which are the equivalents, with suitable substitutions for the new epoch, of 
the formulas in 1,9-11 (Romaka). 

II The computation of the mean longitudes of the Sun, lunar apogee, and lunar 
anomaly (pp. 502-505). The rules in the Chiu-Chih-li are based on the param- 
eters in IX, 11-12 (Surya). 

III. The computation of the solar and the lunar equations (pp 506-511) This pas- 
sage is derived from IX, 7 (Surya) 

IV. The computation of the length of day-light (pp. 511-513) The Chiu-Chih-li 
depends on III, 10 (Paulina). 

V The determination of the daily progress of the Moon (p 514) See. Ill, 9 (Paulisa) 

VI The determination ofthe daily progress of the Sun (p.515) See III, 17(Paulisa) 

VII. The computation of the naksatra, naksatra sankranti, and tlthl (pp. 51 5-51 8) See 
III, 16 (Paulina). 

VIII. The computation of the longitude of the lunar node (pp 521-522) See III, 28 
(Paulina) 

IX. The computation of lunar latitude (pp. 526-527).See IX, 6 (Surya). 

X The computation of the duration of a lunar eclipse (pp 528-529). See VI, 3 

(Paulisa 7). 

XI. The computation of the magnitude of lunar eclipse (pp. 529-530) See VIII, 1 8 
(Romaka). 

XII. The computation of the duration of totality of a lunar eclipse (pp. 530-531 ) See 
VIII, 16 (Romaka)" 101 

The Pancasiddhantika' s influence among the circles of astronomers and 
calendarmakers in South-East Asia can be guessed from the fact that one of the two 
rare manuscnpts ofthe text was copied in StambhatTrtha (Cambay) in A D. 1616 

The commentary given in part II is a model of modern mathematical treatment of 
ancient astronomical rules and procedures. Clearly the same technique which 
Neugebauer developed for al-Khwarizml's astronomical tables has been followed. The 
sinusoidal relationships in equations of centres recorded in the Romaka and PauliSa 
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without rules, the full explanation of the double epicycle model underlying the compu- 
tation of planetary equations as per the Surya-siddhSnta (ch XVI), the exposition of 
VaSistha's theory of planetary motions and planetary phases in keeping with Babylonian 
methods (ch XVII, first 60 verses), have been very clearly and lucidly presented. The 
authors did not claim to have solved all the problems with this difficult text. Some of 
the interpretations due to the authors have been called into question, to which a 
further reference will be made in what follows, but their hope 'that future historians of 
Indian astronomy will find this volume a useful tool' has already started to bear fruit. 

MAHABHASKARIYA AND OTHER WORKS 

While some of the Western scholars were thus busy in demonstrating the links of 
Indian astronomy to West Asian and Graeco- Alexandrian traditions, Indian scholars 
came forward with renewed interest to publish critical editions, translations and anno- 
tations of important astronomical source materials In 1945 Balavantaraya Apte, ed- 
ited the Mahabhaskariy a of Bhaskara I with ParameSvara's commentary Karmadipikd 
In 1957 TS. Kuppanna Sastri brought out another edition with the commentary of 
Govindasvamin in the Madras Government Oriental series; although he did not under- 
take to translate the text, he produced a valuable introduction, drawing attention to 
the practice of the Aryabhata school to retain the unabridged value of the hypotenuse 
in making manda corrections and to the ardharatrika system briefly given towards 
the end of the treatise. The want of annotated English translations of both the 
Mahdbhaskariya and Laghubhaskariya was removed by Kripa Shankar Shukla in 
I960 Bhaskara I's (c A.D. 600) importance in the history ofjndian astronomy need 
hardly be overestimated in as much as he was a follower of Aryabhata I, a contempo- 
rary of Brahmagupta and wrote besides the two works mentioned above a bhasya on 
the Aryabhatiya In his commentary Shukla discussed in detail Bhiskara I's treatment 
of Aryabhata's epicyclic theory and his method of determining the distance of the true 
planet from the centre of deferent by successive approximations {asakrtkarma ) 102 

Brahmagupta's Khandakhadyaka, with the commentary of Bhattotpala, was critically 
edited, translated and annotated by Bina Chatterjee in 1 970, which supplemented the 
earlier editions of Probodh Chandra Sengupta (with an English translation and notes) 
and Babua Misra (text only) Bina Chatterjee's another work Sisyadhwrddhida Tantra 
of Lalla, with the commentary of Mallikarjuna Suri and English translation and math- 
ematical notes, was posthumously published in 1 981 . K.V. Sarmaedited and /or trans- 
lated a number of works by ParameSvara, e.g. Drgganita, Goladipika, Grahnastaka, 
Grahanamajjdana and Grahana-nyayadipika, eachone a small astronomical tract 
He also edited, with a good introduction in each case, Nllakantha Somayaji's Siddhanta- 
darpana, Golasara, Tantrasangraha, and Jyotirmimamsa, Haridatta's 
Grahacaranibandhana, Madhava's Venvaroha and Sundaraja's Vdkyakarana In his 
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History of the Kerala School of Hindu Astronomy (1972), he briefly noticed the life 
and works of a large number of medieval astronomers based in Kerala, e g 
Govindasvamin (c.800-850), Sankaranarayana (c. 825-900), Suryadebva Yajvan (1191- 
C.1250),Madhavaof Sangamagrama (c. 1340-1 425), Paramesvara ofVataSrem (c 1360- 
1455), Damodara (c 1410-1510), Nllakantha Somayaji (1444-1545), Jyesthadeva 
(c 1500-1610), Putumana Somayaji (1660-1740) and several others and gave a de- 
tailed bibliography of Keralite astronomers and their works Shukla and Sarma trans- 
lated the Aryabhatiya with explanatory notes in 1976, at the same time the former 
produced a critical edition of the text with commentaries of Bhaskara I and Somesvara 
and the latter another edition of the same with the commentary of Suryadebva Yajvan 
The Indian Institute of Astronomical and Sanskrit Research published under the 
editorship of Ram Swarup Sharma, Brahmasphuta-siddhanta with an elaborate in- 
troduction , Vatesvara-siddhanta with Sanskrit, Hindi and English commentary, and 
Jagannatha's Samrat-siddhdnta, being a Sanskrit translation from an Arabic version 
of Ptolemy's Almagest. 

The Osmama Oriental Publications Bureau rendered invaluable service to the cause 
of the study and researches in the history of astronomy by editing and publishing al- 
Blrunl 's Al-Qanunu'l-Masudi, an encyclopaedic work of considerable significance to 
Indian astronomy. The Bureau's other publications include Rasd’il al-Biruni (Blrunl's 
tracts) which contains three dissertations on the questions of shadows, the Indian 
rule of three and calculations of the chords of the circle; Kitab al-'amal bi’l-asturlab 
of as-Sufi with an introduction by E.S. Kennedy and Marcel Destombes; and VneRasa’il 
Abu Nasr ila'l-Biruni containing 14 tracts of Abu Nasr on questions of mathematics, 
astronomy, astrolabe and miscellaneous matters Sayyid Rizvl published in the Is- 
lamic Culture the text and translation of al-B7runT's Ghurrat al-Zijat, with critical 
notes; the Ghurrat was Birum's translation of Vijayananda's Karanatilaka. Al-Blrunl's 
another important tract on the determination of latitudes and longitudes of cities, the 
Kitab tah,did mhayat al-amakm etc. was published In the Revue de V Institut des 
Manuscrits Arabes, Cairo, an English translation of it, with modern commentaries, 
being produced by Jamil ’All. 

YAVANAJATAKA AND OTHER WORKS OF DAVID PINCREE 

David Pingree's approach to Hindu astronomy appears to have been prompted by 
Neugebauer's transmission theory In connection with his study of Tamil astronomy 
Neugebauer noted a basic dualism between geometric and arithmetical methods in 
the development of Hindu astronomy, a dualism that also characterized early Greek 
astronomy "Both components", he remarked in his review of I'Inde classique, “are of 
much earlier date than the influence on India which was carried, in all probability 
through Hellenistic astrology which reached its full development in Alexandria during 
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the first centuries A D “ Hitherto such views were based on papyrus fragments and 
surmises In 1959 Pingree reported briefly on a Greek linear planetary text written in 
Sanskrit, which provided a definite evidence of Babylonian methods and parameters 
in an astrological context 103 The text in question is the Yavanajataka of Sphujidhvaja, 
dated A D 269/270, and contains in its last chapter 'astronomical instructions' in- 
tended to improve upon, or substitute for, those of the Vasistha-siddhanta. Frag- 
ments concerning the movements in arcs of Jupiter, Mars and Saturn are quoted, 
their translations given and compared with Babylonian elements Pingree concluded, " 
for the superior planets it has been demonstrated that the methods in use among 
those Greek astrologers who transmitted their learning to India in the second century 
after Christ were still closely related to those developed in Mesopotamia in the Seleucid 
period " 

In 1978 Pingree's Yavanajataka of Sphujidhvaja, with edited Sanskrit text, English 
translation and commentaries, appeared from the Harvard University Press, in which 
these planetary elements have been fully given along with those from Babylonian 
cuneiform texts, as follows :- "The significant ("Greek-letter") phenomena referred to 
in the theory of the superior planets are • 

T = first visibility in the East = udaya 

<1> = first stationary point = sthitva 

© = oppostion 

'P = second stationary point 

£2 = last visibility in West = asta 

O — > 'F = retrogression = vakra 

Jupiter 


Yavanajataka Babylonian 
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Yavanajataka 

Mars 

Babylonian 



System 1 System 2 


r^<S>162° in 288 tithis 1 62;40° in 280 tithis 1 62;24° in 275,37 tithis 
<J> ^ _ 34° <D ->£2157° 
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With reference toO-> v F, the arc of retrogression, where Sphujidhvaja has - 34° it is 
to be noted that 0-»£2 in system 2 (157°) minus 'F-»Q in system 1 (191,20°) 
equals -34, 20°. This is, in fact, much too high. 

“Sphujidhvaja should, of course, have given the time-intervals between the occur- 
rences of all the Greek-letter phenomena for all the planets for his presentation to 
have had a practical use 



Saturn 



Yavanajataka 


Babylonian 



fast 

slow 

time-intervals 

T— > 8, 15° in 1 12 tithis 

9° 

7,30° 

1 20 tithis 

<E> — > -8° in 1 00 tithis 

-8° 
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— 
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Q-*r — 

4° 
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— 

12° 
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In Sphujidhvaja, before the remainder of Saturn was lost, it should have been stated 
that 'F-» £2 is about 8° in 120 tithis and T about 3;45° in 40 tithis." 104 Similar 
data for inferior planets are given which have likewise been explained 

The linear planetary theory is cursorily discussed in 62 verses of the last chapter 79 
of the Yavanajataka This is obviously a difficult chapter to follow and must be learnt 
thoroughly before one is able to practise astrology according to the teachings of the 
text Pmgree has given a masterly exposition of the various verses establishing their 
connections with ancient Greek and Latin astrologers like Antiochus, Athemensis, 
Critodemus, Dorotheus Sidomus, Firmicus, 52 names have been given, as well as 
with later Indian astrologers who used this text or its teachings Here we shall only 
refer to a few observations of Pingree with regard to the zodiac introduced in the few 
opening verses of chapter 1 because it has been known for a long time that the twelve 
signs of the zodiac were introduced into Indian astronomy through astrological sources 
of foreign origin. In presenting the zodiacal scheme, its three main apects, e g ico- 
nography of the signs, their melothesia, and their topothesia, and described 
Iconographically Sphujidhvaja's zodiac contains several features common to the Hel- 
lenistic one, some of which were of Egyptian-cum-Heilenistic origin, e.g. the man and 
woman depiction in the Mithuna with the club and the lyre agreeing with the Egyptian 
pair Shu and Tefnut, the figure of a maiden standing in a boat and holding a torch 
representing Virgin etc Pingree believes that the zodiac was possibly unknown in 
India before YavaneSvara . 105 

The Egyptians had developed the idea of correlating different signs of the zodiac with 
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specific parts of the human body so as to produce a scheme of zodiacal melothesia 
Out of this idea originated the erect cosmic man and the theory of microcosm and 
macrocosm in medical schools which became widespread in the ancient 
world.Sphujidhvaja's scheme in which Aries is represented by the head of the human 
body, Taurus by mouth and neck, Gemini by shoulders and arms, Cancer by chest, 
Leo by heart, Vigro by belly and so on was derived from Egyptian concepts 

The appearance of Sanskrit works of the class of Yavanajataka also fits in well with 
the early political and economic history of India. During the Achememd occupation 
(500 B C to 230 B C ) and later unsettled conditions marked by the incursions of the 
Greeks, the Sakas, the Pahlavas, and the Kusanas, Indian astronomy, Pingree conjec- 
tures as others did before him, was introduced to Babylonian methods, e g some of 
the elements of the lum-solar calendar of the Vedanga Jyotisa, including the concept 
of tithi, vanation of day-length etc At the beginning of the first century A D. one 
branch of the Sakas, the Ksaharatas, established a kingdom inWest India with Mlnanagara 
as their capital and Broach (Gk Barygaza) as their main trading post between India 
and the Mediterranean countries. This branch succumbed to another Saka dynasty, 
the Western Ksatrapas, of which the greatest king Rudradaman I ruled between A D 130 
to 160 over a vast empire extending up to Kausambi in the north and Kalinga in the 
east. The Ksatrapas were interested in astronomy, established their capital at Ujjayin! 
and soon raised this city as the foremost centre for astronomical work, 'the Green- 
wich of Indian astronomy and the Arin of the Arabic and Latin astronomical treatises ' 
Here in A D 150, Pingree informs us, Yavanesvara, the Lord of the Greeks, translated 
into Sanskrit prose a Greek astrological text which had been written in Alexandria the 
preceeding half century. 106 This translation is not extant, but its subject matter has 
survived in the form of a thirteenth century palm-leaf manuscruipt of a versification of 
it caried out by Yavanaraja Sphujidhvaja in A D 269/270 to which a reference has just 
been made. In the second century A D. another astrological text of the same type was 
translated into Sanskrit from a Greek original; this translation has not survived This is 
known through reference of Yavanaraja and Satya who utilized both the translations 

In his ’Astronomy and Astrology in India and Iran', Pingree conjectured that the con- 
cept of great cycles of time, - the Kalpa, Mahayuga, Yuga etc., in which the planets 
and some of their nodes and apses underwent integral numbers of revolutions ac- 
cording to Hindu astronomy, was derived from the Babylonian sexagesimal number 2, 
0, 0, 0 107 Written decimally, this number is equivalent to 432,000 uedfortheiTafryi^a; 
10 times the Kaliyuga IS the Mahayuga, and 1000 times the Mahayuga the Kalpa. 
He further conjectured that this Kalpa of Babylonian origin was combined with the 
Greek epicyclic theory during the 4th or the 5th century A D. Apart from the sub- 
divisions of the Mahayuga in the ratios 4 • 3, 3 2 and 2 : 1 , a small period of 1 80,000 
years being 124th part of a Mahayuga was tried, but without much success In A.D 
499, Aryabhata tried to solve the problem by dividing the Mahayuga in four equal 
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parts of 1 ,080,000 years each, but could not make it acceptable to others because of 
its deviation from the tradition Pingree thinks that the Indian yuga system finally took 
shape in the Gupta period and was the result of the necessay theoretical knowledge 
and the inspiration' 

Being thus convinced of the influence of Babylonian and Greek astronomical ele- 
ments Pingree's subsequent efforts were directed to explain various facts of Indian 
astronomy in the light of his theory of transmission. That Indian epicyclic models were 
inspired by the older Greek ones of Apollonius of Perga and Hipparchus has long 
been suspected Pingree now attempted to show that the earliest specimen of this 
model, the double epicycle appeared in the Paitamaha-siddhanta of the Visnu- 
dharmottarapurana which he placed in the first half of the fifth century A D and 
supposed to be the source of Aryabhata's system 108 The dating and assertions are 
speculative and have been questioned by B L. Van der Waerden Precession and 
trepidation of equinoxes have been traced in Indian astronomy in th eJyotisa-vedanga 
of Lagadha, Varahamihira's Pahcasiddhantika, and in later astronomical siddhantas. 
The appearance of these ideas in Greek literature before they did in the Sanskrit and 
references to one Manmdha or Mamttha (GK Manethon) led him to conjecture, even 
with regard to the earliest notions preserved in the Jyotisa, that 'it is not unreason- 
able to suppose that the idea of trepidation or precession was introduced into India by 
the Greeks, though the parameters chosen by the Indians are their own, and that the 
arguments presented in favour of the hypothesis of a motion of the colures are de- 
rived from a particular interpretation of Vedanga Jyotisa 109 

In a number of areas such as the later PauMa-siddhanta, al-Fazarl , Ya'qub ibn Tariq 
and several others, our information has so far been fragmentary and based on the 
repetition of a certain tradition In some of these Pingree collected all the traceable 
fragments, explained them in the form of commentaries, and critically examined some 
of the traditions. The later PauliSa-siddhdnta which al-Blrun? used with the help of 
his Pandit was compiled in Western or North-Western Indian, probably atSthlmSvara, 
between c A D. 700 and 800. Besides al-Blrum's Pandit, the work was known to and 
quoted from by Prthudakasvamin, Utpala and Amaraja Pingree collected all these 
citations in atotal of 37 verses as also Blruni's references, explained their astronomi- 
cal elements and showed that this later Paulisa-siddhanta was basd on Aryabhata's 
ardharatnka system 110 In its popularity the work rivalled that of Khandakhadyaka 
and fell into disuse after the thirteenth century. Astronomer Muhammad ibn Ibrahim 
al-Fazarl's fragments have been collected from Ibn al-Adaml'sWozm al-’Iqd, Said al- 
Andalusl's Kitab tabaqat al-umam , al-Hashim?s i£zia& 'ilal al-zizat, Blruni's India, 
Chronology, al-Qanunal-Mas'udi and other tracts, z\-Hs.mds.m'sSifatJaziratal-'Arab, 
and a few others. Pingree has shown that the Sanskrit works in 12 (7) chapters 
translated into Arabic was probably based on a work entitled Mahasiddhanta, which 
was itself based on Brahmagupta's Brahmasphuta-siddhanta with certain modifica- 
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tions 111 Ya’qub ibn Tariq's fragments have been dealt with in the same manner, his 
principal sources being al-HashimI'si&iai>, al-BTrun?s/n<iia and other works, Abraham 
ben Ezra's preface to his translation of ibn al-Muthanna's Fi’ilal zij al-Kh.wa.mmi 112 

Pingree has also carried out a useful survey of Sanskrit astronomical tables in the 
United States, and contributed several biographical notes to the Dictionary of Scien- 
tific Biography, including an article on the history of mathematical astronomy in 
India. 


VAN DER WAERDEN ON TAMIL, AND OTHER PROBLEMS OF HINDU AS- 
TRONOMY 

Shortly after the appearance in the Orisis of Neugebauer's study of Tamil astronomy 
Bartel L Van der Waerden of Zurich carried out a comparative study of the motion of 
the Sun as per Greek astrological tables and the Indian tables compiled by Le Gentil 
and Warren In Hellenistic times the Greek astrological tables used to be constructed 
according to two methods, namely, the Babylonian linear method and the Alexandrian 
trigonometrical method Although called Babylonian, the method of linear interpola- 
tion between extreme values involving the use of arithmetical series with first, second 
or third order was limited to Babylon alone but was used by the astronomers and 
astrologers in Alexandria and Rome as well. 113 The Alexandrian method due to 
Aristarchus, Apollonius, Hipparchus and Ptolemy involved the application of geometncal 
models (circle, excentre and epicycle) to planetary motions and the use of trigono- 
metrical tables. In Indian astronomy, as Thibaut had already recognized, the linear 
method was the charactenstic of its middle period and the trigonometric one that of 
its third period 


A 



Fig. 3 4 : Cocentre with an equant point 

With regard to the motion of the Sun as implied in the tables of Le Gentil and Warren, 
Van der Waerden showed that a geometric model of a cocentre with an equant point 
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was used.The distance of the equant point from the centre was computed as 0; 2, 1 5, 
19 and the direction of the equant point (the longitude of the apogee) as 78° The 
cocentre model (Fig 3.4) leads to the following simple formula for the equation of 
centre a> • sin oo = r sin u/R 

Such a model was used by Eudoxus and Kallippus Next he showed that the epicyclic 
theory of Aryabhata and Surya-siddhanta, with the approximate value of radius also 
produced the same formula. Moreover, Aryabhata's eccentricity (r/R) 1316/360 = 
0375 = 0; 2, 15 compared favourably with the value of 0, 2, 15, 19 obtained by 
Fourier analysis of the Tamil table For the longitude of the apogee the Tamil table 
also used Aryabhata's value of 78° 

With regard to the calculation of eclipses, the Tamil tables used four periods which 
Neugebauer designated by V, R, C, and D. Van derWaerden showed that the period 
V comprising 1600984 days was not a lunar period but the ahargana, that is, the 
number of days elapsed from the beginning of the Kaliyuga upto May 22, 1282, at 
which date the Moon was in its apogee. "The whole Vakyam process," Van derWaerden 
observed, “can be applied only to dates after May 22, 1282 For that date the com- 
puted longitude and latitude are very accurate The Vakyam method cannot have 
obtained its present form before that date ” 114 

Van derWaerden also analyzed the lunar latitude tables given by Le Gentil and found 
that the approximate trigonometrical relation p = B sin u (correct formula, 
sin p = sin B sin u) was used in their compilation. Trigonometrical formula character- 
istic of astronomical siddhantas were again the basis of computation of right and 
oblique ascension tables. 

Thus the Vakyam process and other astronomical relations employed in the Tamil 
computation of eclipses were characteristic of Thibaut's third period of Indian as- 
tronomy when tngonometrical methods were the dominant features. In the light of 
this analysis the conjecture of the transmission toTamil countries of Babylonian linear 
methods in the course of Indo-Roman trade during the first few centuries of the 
Christian era appear highly improbable. 

Motion of Venus 

Following the translation by Neugebauer and Pingree of the Pancasiddhantika, P. B 
Wirth reconsidered VaSistha's Venus theory as given in the first five verses of the last 
chapter (ch XVII in edition and ch. XVIII in TS edition), questioned the editor's emen- 
dation of the original term 'gunaptaih' to 'gunamtah' (“and Vz degree), and showed 
that an astronomically acceptable explanation of the velocity scheme presented in 
these verses did not call for such emendation. 115 Unable to refute Wirth's astronomi- 
cal interpretation Pingree criticized him from linguistic point of view Van derWaerden 
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clarified the controversy by justifying Wirth's astronomical interpretation with refer- 
ence to Egyptian planetary theory as found in 'Stobart Tables' and providing a linguis- 
tic explanation by Dr A. Bloch, Professor of Sanskrit at the university of Basel. 116 
Waerden demonstrated that if the unintelligible word 'gunaptaih' be ignored, XVII 1 
of the Pane would simply mean, “The progress in longitude of Venus in one synodic 
period is 2151/2 degrees " In a subsequent verse XVII 75, Varaha correctly gave the 
equivalence between revolutions and synodic periods for Venus as 1 151 revolutions 
equalling 720 synodic periods, which meant that in one synodic period Venus moved 
through 1151.(3607720) or 360 +215y2 degrees, that is, the planet's longitude was 
21 5 / 2 ° In a like manner Van der Waerden explained the direct and retrograde mo- 
tions of Venus and demonstrated their perfect agreement with Egyptian planetary 
tables As to the linguistic interpretation, Bloch stated as follows, 'From a linguistic 
point of view I still consider Pingree's interpretation " ... gunamsah, which I take to be 
bahuvrihi compound modifying panca ( amsah ) and meaning “with — (of a degree)" 
((3), 37)" as highly improbable..' 117 3 

ORIGIN OF GREAT CYCLES AND HINDU ASTRONOMICAL YUGAS 

Hindu astronomical siddhantas of the period from A D. 500 to modern times are 
based on two fundamental assumptions, e g (1) a yuga or a certain large period of 
time at the beginning and end of which all planets have the same mean longitudes 
and (2) the beginning of a period in between 1 7 and 1 8 February, 31 02 B C, called the 
Kaliyuga era, was such that at this date the mean longitudes of planets with respect 
to Aries were zero The first fundamental period, the Mahayuga of 4,320,000 years 
was adopted by Aryabhata and his followers in the beginning of the sixth century A.D 
while Brahmagupta and other preferred Kalpa of 1000 Mahayugas. Regarding the 
beginning of the Kaliyuga at the instant of conjunction of planets, Aryabhata worked 
on two reckonings, namely, (1) that the conjunction took place in the midnight be- 
tween February 17 and 18, and (2) that it happened at the sunrise of February 1 8; the 
drdharatrika system was based on the first assumption and the audayika on the 
second The advantage of developing a system on these two assumptions is that 
necessary corrections can be introduced by making one single observation for each 
planet as Aryabhata did in the case of Jupiter by changing its revolution number in a 
Mahayuga from 364,220 in his mid-night system to 364,224 in the sun-rise system 
(this meant an increase is mean longitude of Jupiter by 1°12') 118 The method was 
much simpler than Ptolemy's. The disadvantage is that as time goes on it does not 
yield mean motions of planets correctly and necessitates bija corrections to be ap- 
plied from time to time. 

Van der waerden investigated the question of the origin of great years in Greek, 
Persian, and Indian astronomy in a number of papers, and gave a final shape to his 
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findings in a paper in Archive for History of Exact Sciences (18, 359-384, 1978) 119 The 
idea of 'the eternal return of all things' at the end of a long enough period of time and 
of such cycles being marked by conflagration or great natural calamities have been 
traced to early Greek philosophers like Pythagoreans, Namesios, and Stoic philoso- 
phers. The concept of a Great Year associated with flood and planetary conjunctions 
probably originated with the Babylonians, in which connection the name of Berossos, 
a priest of the Babylonian god of BEL, is specially mentioned He foretold that there 
would be a conflagration when all planets had a conjunction in Cancer and a deluge 
when they all met in Capricorn. He further estimated that before the Flood the sum of 
reignal years of mythical kings totalled 120 saroi or 432000 years (1 sar = 3600 
years) In his chronological system Berossos also used other units such as 

saros = 3600 years 

neros = 360 years 

sossos = 60 years 

from which also the great year of 432000 could be obtained as 120 saroi or 1200 
neroi. 

As to great years mentioned in later Greek literature, Van der Waerden refers to the 
Great Year of Orpheus comprising 120000 years, and Cassandrus' of 3600000 years 
All these years are buiit out of factors 120 and 3600 which Berossos used in estimat- 
ing the sum of reignal years before the Flood. 

In India a yuga system is met with in the Laws of Manu and the Mahabharata .The 
epic discusses the division of time, defines larger units like the 'year of the gods' (= 
360 ordinary years), and introduces the four mundane ages, e g.Krita, Treta, Dvapam 
and Kali with the following lengths of time 


Kritayuga 

= 4800 years of the gods 

= 1 ,728,000 years 

Tretayuga 

= 3600 « » ■ 

= 1 ,296,000 years 

Dvaparayuga 

= 2400 « » « 

= 864,000 years 

Kaliyuga 

as 1200 « » « 

= 432,000 years 


Van der Waerden thinks that the Hindu year of the gods is the Babylonian neros, from 
which were derived the Kaliyuga by using the factor 1200 and the Mahayuga by 
using another factor 12000. 120 Pingree, as we have seen, made a similar statement 
with reference to the Babylonian sexagesimal number 2,0 0, 0. Although the Babylonian 
connection is easy to infer it is more difficult to demonstrate the channels of transmis- 
sion The problem is complicated by the use of long periods or world-years in old 
Persian calendars and various statements of Arab astrologers-cum-astronomers sug- 
gesting Babylonian and Hellenistic transmission in Persia. Then there is the problem 
of who first demonstrated the possibility of planetary conjunctions in February 31 02 
B.C., and how and where it was done.. 
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Three world-years are recognized in the works of Abu Ma’shar and al-SijzT, as follows - 

(1) a World- Year of 4,32,000,000 years, ascribed to India, 

(2) a World-Year of 4,320,000 years ascribed to Aryabhaz (Aryabhata), and 

(3) a World-Year of 360,000 years ascribed in some works to The Per- 
sians' and in others to 'the Persians and some of the Babylonians'. 

While the first two world-years pose no problem and have been correctly attributed to 
Indian sources, the third world-year sometimes called 'Abu Ma'shar's Great Year 1 re- 
quired a closer scrutiny Van derWaerden drew upon al-Blrunl's evidence in his Chro- 
nology to show that Abu Ma'shar's source for his Great Year of 360,000 years was the 
Tables of the Shah and that the planetary revolution numbers in this period quoted by 
al-BTrunl were taken from Persian sources Waerden converted Aryabhata's revolu- 
tion numbers for his two systems for Abu Ma’shar's period and found exact agreement 
with the exception of Saturn, Jupiter and Mercury. Moreover, all the three systems 
agreed in the theory of planetary conjunctions at the first point 0 of Aries in February 
3102 B.C with the difference that the conjunction was attended with a Flood and it 
took place on the night just before Thursday, February 17. 121 

This brings us to the question of theTables of the Shah. The Arabic title of these tables 
is the Zij ash-Shah which in turn represented a translation of the Pahlavi original, the 
Zik-i-Shatroayar From B? rum's statement in the Masudic canon it is known that 
Khusro Anushlrvan (ruled from A D 531 to A D. 579) held a conference of astrono- 
mers to revise the Zij-ash-Shahriyar Van derWaerden has shown that Ibn Yums in 
his Hakimi Zij clearly mentions that the solar apogee of the Sun was observed by the 
Persians in A.D. 450 and again in A D. 61 0; the former observation yielded 77°55' and 
the latter 80° These references imply, according to Waerden, that 'a set of astro- 
nomical tables was composed about 450 or a little later, and revised under Khusro 
Anushlrvan about 560 1122 In other words, by the middle of the fifth century A D. 
Sassaman Persia had developed sufficient capability so as to undertake the compila- 
tion of astronomical tables From the Denkart we know of Shapur I's (A D. 240-270) 
interest in astronomy and the availability to Persian scholars of Ptolemy’s Almagest, 
astrologer Dorotheos' hexameters and Vettius Valens' 'Anthologies'. By the time of 
solar apogee observations, the Persians had probably mastered the methods of com- 
puting mean conjunctions of Jupiter and Saturn and knew the time interval between 
two successive conjunctions of Jupiter and Saturn as 20 years approximately. Waerden 
has shown that all this could be possible if the Persians of the fifth century A D had 
possessed a great cycle of 360,000 years in which Jupiter and Saturn revolved 30352 
and 12214 times respectively and therefore suffered 18138 mean conjunctions. 123 

Now about the conjunction of planets in the month of February in the year 3102 B.C., 
it is easy to make sure that no such observation could have been made. In P. V. 
Neugebauer's Chronological Tables for 31 02 B.C., longitudes of planets on February 
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18 noon were calculated as follows Sun-304, Moon-324 = 304+20, Mercury- 
289 = 304-15, Venus-318 = 304+14, Mars- 302 = 304-2, Jupiter-318 = 304+14, 
and Saturn - 277 = 304- 27. The angular distance between Jupiter and Saturn alone 
exceeded 40°. As to records of earliest astronomical observations there are those of 
the visibility of Venus taken during the reign of Ammizaduga (c. 1582-1 562 B C ) and 
a few cuneiform texts from the time of Nabonassar (after 750 B C ) The only other 
possibility was to compute the conjunctions backward. 

I 

According to Van der Waerden, Sanskrit astronomical works do not suggest such 
backward computations, but Persian sources as preserved in the writings of later 
Arab astronomers do In any such procedure one would obviously have to start with 
the slowest planets Saturn and Jupiter (in the case of the Sun and the Moon a con- 
junction takes place every month). In his Book of Conjunctions, Abu Ma'shar used 
Persian sources for mean motions of these two planets and showed that 1 8,1 38 mean 
conjunctions took place in 360,000 years, that is, one conjunction is nearly 20 years, 
and the mean motion from one conjunction to the next was 242°25'17" ( = 8 signs + 


2 0 25'17‘') through the simplification of 


12,214 x 360° 124 
18,138 


A Saturn-Jupiter conjunction at intervals of nearly 20 years is a 'small conjunction' If 
one starts with such a conjunction in the beginning of Aries, the next two will occur in 
Sagittanus and Leo, and these three signs constitute 'Fire Triplicity' After about 12 
conjunctions in the 'Fire Triplicity', another series will connect the three signs of Tau- 
rus, Capricorn and Virgo and form the 'Earth Triplicity', the shift being due to a slow 
gain in longitude Likewise, the 'Air Triplicity' comprising the signs Gemini, Aquaris 
and Libra, and the 'Water Triplicity' through Cancer, Pisces and Scorpio (Fig 3 5). 
Twelve conjunctions in one and the same triplicity, Van der Waerden explains, con- 
stitute a 'Middle Conjunction', four Middle Conjunctions covering all reiplicities 
make up a 'Big Conjunction', and three Big Conjunctions constitute a "Mighty Con- 
junction', after which the cycle repeats itself. 125 On the basis of such Saturn-Jupiter 
conjunctions, their triplicities and cycles, one can develop long periods. 

The conjunction of 3102 B C taking place at the beginning of aries was regarded as 
a Mighty Conjunction. Mashallah and other Arab astrologers who derived the method 
from the Persians are known to have carried out several calculations of this type to 
obtain long periods. 

Al-Blrunl records in his Chronology that the astrologers of Babel and Chaldaea con- 
structed astronomical tables for dating the Deluge, which Berossos had associated 
with Saturn-Jupiter conjunctions “Now this conjunction occured 229 years 1 08 days 
before the Deluge. This date they studied carefully, and tried by that to correct the 
subsequent times. So they found as the interval between the Deluge and the 
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Fig 3 5 :Tnplicities in Satum-Jupiter Conjunctions 

beginning of the reign of the first Nebukadnezar 2,604 years,.." (BlrunT, Chronology, 
p 28) . Van derWaerden explains that if 2604 years be added to the “Era of Nabonassar" 
beginning on February 26, 747 B C., as per Ptolemy, one obtains 3351 B.C as the 
year of the Flood on Julian year - reckoning.The Satum-Jupiter conjunction took place 
229 years (neglecting the number of days) before the date, that is, in 3580 B.C This 
year differs from 301 2 B.C by 478 yeras, which just accomodate 24 successive mean 
conjunctions of Satgrn and Jupiter. 126 Other astrologers dated the Deluge differently 
One such date was 3301 B.C., and counting ten such conjunctions one could arrive at 
3102 B C But it is still hypothetical. From BTrunT's account of the search for a date of 
the Flood when all the planets were in conjunction, it appears that Abo Ma'shar Albalkhl 
gave this date as 3102 B.C. February 17 

The next question is : who were the astrologers of Babel and Chaldaea? Van der 
Waerden thinks they could not be early Babylonians conversant with systems A and B 
because 'mean longitudes' were not known to them. Necessity for working with mean 
longitudes arose only after the development of epicyclic geometric models. Planetary 
tables based on epicyclic models were not available before 150 B.C.; therefore, it is 
surmised that the discovery of the conjunction of 3102 can be dated, with a certain 
degree of probability, between -150 and +150'. This was again the period which 
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witnessed the spread of Hellenistic astronomy over a wide region, Rome, Alexandria, 
Pergamon, Babylon etc A number of Babylonian astronomers or astrologers such as 
‘Teukros the Babylonian', 'Seleukos of Seleukia' versed in Greek astronomical meth- 
ods are known from this period In this Hellenistic milieu, Van der Waerden conjunc- 
tures, the conjunctions of 3102 B C. was discovered somewhere between Rome and 
Babylon 

Closely connected with the epoch of 3102 B.C is the duration of the sidereal year 
According to al-Blmm, Egyptians and the Babylonians used a sidereal year of 365, 
15, 30, which appeared in Varahamihira's Pauhsa-siddhanta.Tbe Shah Zij gave the 
value of 365, 15, 30, 0, 30 days. Aryabhata, in his mid-night system, used the value of 
365, 15, 31, 30 and, in his sun-rise system, that of 365, 15, 32, 30 The transmission 
also took place in the same order of evaluation of the constant of sidereal year length 
"The starting point of the whole development," concludes Van der Waerden, “was the 
'Mature Epicycle Theory' of Apollonius. Based on this theory and on trigonometrical 
methods, tables were calculated for the longitude of Alexandria By the aid of these 
tables, several Hellenistic astrologers tried to date the Deluge by calculating conjunc- 
tions of Jupiter and Saturn in the fourth millennium B C. One of these attempts led to 
the discovery of an approximate mean conjunction of all planets in 31 02 B C. Next, a 
new theory and new tables were fabricated, base on the assumption of a mean con- 
junction of all planets in February, 3102, and of an exact repetition of all planetary 
positions at the end of a certain "World-Year". These tables were used, with correc- 
tions, in Sassamd Persia before and after Khusro AnQshlrvan. Aryabhata corrected the 
theory, replacing the Persian Wo rld-Year of 360,000 years by a period of twelve times 
as large, the Mahayuga, which enabled him to adopt the theory to observations made 
in his own time Other Hindu astronomers like Brahmagupta, used the Kalpa of 1 ,000 
Mahayugas in order to obtain theories in which the mean longitudes, apogees and 
nodes of all planets were assumed to be zero at the beginning of the Kalpa 127 

ROGER BILLARD'S L'ASTRONOMIE INDIENNE 

In 1 971 Roger Billard published his L'Astronomie indienne investigation des textes 
Sanskrits et des donnis numeriques (Indian astronomy, an investigation of Sanskrit 
texts and their numerical data). In this investigation the author adopted the novel 
procedure of mathematical statistics, based in particular on the method of least squares, 
analyzed a large number of astronomical siddhantas, and graphically represented 
the deviations (hearts) against time of longitudes calculated according to the texts 
from those obtained from modern procedures and tables. From these deviation curves 
he determined independently and with accuracy the dates of compositions of a number 
of texts. Furthermore, it was established that exact agreement between actual posi- 
tions of planets and those calculated theoretically from the constants and formulae of 
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their canons was secured from time to time by astronomical observations quite accu- 
rate for the ancient times under consideration 

Billard recognized three periods in the development of Indian astronomy. The first 
period dated from the time of the Brahmanas (1 Oth - 8th century B C.) and extended 
up to the 3rd century B C ; its characteristic feature was calendrical astronomy and 
the representative text the Jyohsavedanga . The second period extended from the 3rd 
century B C to the 1st century A D and was marked by Babylonian astronomical 
elements, particularly the tithi as a unit of time, arithmetical computations based on 
heliacal risings and settings of planets, their synodic revolutions etc The third period, 
the period of scientific astronomy, extended from around A D 400 up to modern 
times, was characterized by the employment of trigonometrical methods and epicyclic 
models for the computations of planetary positions, and produced theAryabhatiya of 
Aryabhata as its first typical text Billard's main concern was with this scientific as- 
tronomy of the third period because the relevant texts and materials readily lent them- 
selves to investigation by the statistical method he adopted. 128 

With the exception of a few texts anterior to A D 500, and manifestly imported, the 
astronomical works of this period are marked by a fantastic speculation, that of the 
imaginary yuga, in which are fitted the mean motions of planets in the form of integral 
numbers of revolutions and their conjunctions, and various other methods for the 
calculations of true positions with the help of trigonometry. In all appearances, it was, 
according to Billard, Aryabhata who in the beginning of the sixth century A.D. was the 
first astronomer to have laden the scientific trogonometric astronomy with the bewil- 
dering speculation of the yuga. Yet this speculation was not entirely unbriddled, for it 
was checked and tested from time to time by a series of astronomical observations , 
and reductions, which constituted the limits of ancient astronomical methods. San- 
skrit astronomical texts themselves speak of these observations when these use terms 
like drkprabhavat (by the imposition of observation), drksama (in response to obser- 
vation), drstigamtaikya (accord between observation and calculation), and 
drgganitakdrdka (that which establishes an accord between observation and calcu- 
lation). Thus Aryabhata was possibly moved by the idea of a Great Year of Berossos 
which could be suggested to him verbally, thereupon he sought for the constants of 
mean motions to construct the common multiples and the general conjunctions in 
accordance with his practical observation in A.D. 510 or very near that date. 129 

In chapter 2 of his I'Astronomie, Billard has given an adequate exposition of his statis- 
tical method of testing ancient astronomical texts. The first consideration is the choice 
of a suitable ancient element which has also its equivalent in modern computations. 
Such an element is the mean longitude, £ a linear function of time in the form £ (t) = 
£o + ct. For the Sun, Moon and the five planets Mercury, Venus, Mars, Jupiter and 
Saturn, seven mean longitudes have to be taken into account; along with these 
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seven elements, one should also consider the vernal equinox y, and the apside and 
node of the Moon. The same ten functions can be computed from modern theory and 
compared with the value obtained from the ancient theories. The deviations between 
these two sets of values have been called '^carts'. Billard computed two types of 
deviations, e.g. those of mean longitudes as defined by the above formula, and syn- 
odic deviations, the later to be derived by combining with the longitudes of the 
Sun (formula is given on p. 48) 

Before applying the method of Sanskrit astronomical canons, Billard first tested its 
reliability with respect to Ptolemy's Almagest (Mathematical Syntaxis) Billard calls 
the Almagest a non-speculative treatise in as much as its elements were based on 
contemporary as well as ancient observations and consequently the mean motions of 
planets were precise The epoch of the Almagest was taken to be February 26, A D 746 
Julian. Between this date and February 2, A D 141 Julian there were records of 76 
observations, mostly of lunar eclipses and a few of planets These observations in- 
cluded several Babylonian records of lunar eclipses taken before A.D 381 Julian, 
observations byTimocharis at Alexandria, about 1 0 observations utilized by Hipparchus, 
and about 33 observations by Ptolemy himself. Ptolemy's constants, - apogees, ec- 
centricities, and radii of epicycles, and formulae for converting mean longitudes into 
true ones have also been given. Deviations of longitudes and synodics have been 
represented graphically against time -500 to +1900 (Billard's Figs 1 & 2) With the 
exception of Mercury and Venus, longitude deviation curves, mostly straight lines 
(sinusoidal for Jupiter and Saturn), lie in a narrow bundle converging to a point corre- 
sponding to A D. 100, approximately the time of Ptolemy The error of nearly 1° is 
also in keeping with Ptolemy's observational error The year of no error, that is, -125 
A D. agrees with Hipparchus' time. 130 

The results of Billard's statistical analysis of Aryabhata's two systems, th edrdharatnka 
and audayika, are discussed in chapter IV. In the former the epoch is the mid-night at 
the beginning of th eKahyuga, and th eyuga composes 4,320,000 years or 1 57791 7800 
civil days, while in the latter the .Kaluga starts at the following sun-rise and th eyuga 
is made to contain 1577917500 days. This adjustment of 300 days will be understood 
when one computes the number of days elapsed in 3600 years of IheKaliyuga era on 
Sunday March 21 , A.D 499 Julian 1 2 hour at the meridian on Ujjayam . The days are 
1314931.5 (mid-night system) and 1314931.25 (sun-rise system) satisfying the fol- 
lowing relationship, 131 

1314931.5 131493125 3600 1 

1577917800 " 1577917500 = 4320000 = 1200 

The number of revolutions of the planets in a yuga, the longitudes of their manda 
apses, and the dimensions of their manda and iighra epicycles are then tabulated, 
giving details of the variability of the epicycles in the sun-rise system. Formulae tor 
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Fig. 3.6 : Deviations of longitudes, K (S S.) (ardharatnka.) (from Billard, Fig 3) 

computing equations of centre and conjunction are also given. With these elements 
the deviations of longitudes and synodics were electronically computed for the two 
systems and the desired graphics for hearts against time (-500 to +1900) obtained. 
Unlike the Almagest, the lines of the graphics in both the Aryabhata systems form a 
pencil spreading out rapidly from the zone of coincidence. In both cases the zone of 
coincidence, which is sufficiently sharp, meets the line of zero deviation shortly after 
A.D. 500 (around A.D. 510). In both systems the curve for Mercury is wide of the 
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• D 



Fig 3.7 ■ Deviations of longitudes, K(AB) (audayika) (from Billard, Fig 5) 

mark, but that for Jupiter which is out of step in the mid-night system aligns itself with 
the majority of the pencil converging on the common zone of null deviation around 
A.D. 510. Billard interprets these results as showing that the mid-night system was 
the earlier of the two canons and that, as a result of observations carried out around 
A D. 510, the more accurate sun-rise system was developed by slightly changing the 
revolution number of Jupiter in the yuga and by making the dimensions of the epicy- 
cles variable. The very nature of distortion or spread away from the zone of coinci- 
dence provides a powerful tool for pin-pointing the time of emendation through obser- 
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vation In Billard's own words . II vient tout d'abord Pimportante constatation generate 
ces elements astronomiques dont on varra plus encore (4, 3, 5) la caractere 
fantastique, reposent malgre tout sur des observations astronomiques, un ensemble 
unique d'observations tres rapprochees dans le tempset necessairement de ties grande 
qualite pour les moyens de I'epoque " 132 The same conclusion is true for other specu- 
lative astronomical siddhantas produced in India. Billard was convinced not only of 
the fact of astronomical observations made in India from time to time, but was struck 
by their precision which represented the limit of accuracy attainable by the ancient 
instruments and the methods of observation. Thus about Aryabhata he unhesitatingly 
observed "On ne manquera pas de remarquer Petonnante precision de ces ensem- 
bles de position pendant la periode des observations Cette precision etait 
certainement a la limite des moyens de I'astronomie ancienne, a la limite de ses 
instruments et de ses modeles mathematiques. C'est dire des a present qu'en depit 
de la speculation yuga, Aryabhata est certainement Pune des grandes figures de 
Phistoire de Pastronomie." 133 This view is in marked contrast to the opinions expressed 
by Colebrooke, Biot, Kaye and others that ancient Indians were poor in astronomical 
observations 

Space would not permit consideration of Billard's results for his analyses of various 
other texts, but a few typical results might be mentioned It is interesting to see that in 
cases where the date of the text is known, his statistical dating agrees with the known 
date This strengthens the reliability of his method in cases where the dating is either 
unknown or doubtful. 


Text 

Textual 

evidence 

Billard's statistical 
Method 

Remarks 

Pane S 

c A D. 505 

490 3±6 8 to 

5121 ±3 6 


Brahmasphuta- 

A.D. 628 

555 2 ±14 3 to 


-siddhanta 


586.5 ±18.0 

Planetary observations aht-date 
the composition of the text. 

Khandakhadyaka 

AD. 665 

680.7 ±12 3 to 

729.8 ±96 


do (AmarSja) 


694.5 ±(8 4) to 

739 9 ±(19 5) 

The work appears to have 
been completed or recast well 
after 665, possibly at the begin- 
ning of the 8th century A D 

Laghubhaskanya 

A D. 869 

785.9 ±13 6 to 

The canon could possibly 

Sankarandrndyana 


822 6 ±(0.5) 

be dated between A D. 

807 and 821 

Drgganita of 

AD 1431 

1427.2 ±17.0 to 

Carried out a large number 

Paramelvara 


1475.6 ±151 

of observations, particularly of 
the eclipses 
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What is refreshingly new in Billard's study is his endeavour, with the help of modern 
statistical-cum-computer methods, to understand the true nature, the merit, the origi- 
nality and the shortcomings of an astronomical system which functioned as an active 
and effective institution for over fourteen centuries and maintained its vitality through 
periodical observations, and emendations The work is a strange contrast to the gen- 
eral efforts of Western scholars directed at digging evidence in favour of their theory 
of the imported character of the system, its lack of originality, its absence of an 
observational basis and so on 

David Pingree came forward with a scathing criticism of Billard's I'Astronomie (JRAS, 
1 976) presumably because some of his own conclusions were diametrically opposed to 
those of Billard's. In 1 978 he also presented the results of his studies in an article 
entitled 'History of Mathematical astronomy in India' in the Dictionary of Scientific 
Biography (vol. XV, Supplement 1, 1 978) The views presented in Billard's I'Astronomie, 
and Pingree's Mathematical Astronomy are so opposed to each other's that both 
cannot be simultaneously right, and therefore one of them must be wrong This 
peculiar situation led Van der Waerden to publish in 1 980 in the Journal for the 
History of Astronomy a critical review of both these treatises, which deserves close 
consideration. 

Pingree objected to Billard's graphic demonstration that Aryabhata improved upon his 
earlier mid-night system by utilizing his observations made in A D. 51 0 According to 
Pingree, Aryabhata's mean motions 'apparently are computed from the assumed mean 
conjunction of the beginning of the Kaliyuga and the mean longitudes of the planets 
as found from a Greek table for exactly 3600 years later i e , for noon of 21 March 
499 " Further more, " Aryabhata could only observe true, not mean longitudes It is 
not an easy matter to deduce the mean longitudes from these true longitudes, and for 
Aryabhata, with his rather clumsy and inaccurate planetary models, it would have 
been impossible to arrive at results as good as Billard shows his to be." On Pingree 's 
theory of Aryabhata's dependence on Greek planetary tables, Van der Waerden con- 
siders it practically impossible for the following reason : "The most accurate Greek 
tables were the -Handy Tables of Ptolemy They were used in Alexandria and Byzan- 
tium in the time between Ptolemy and Aryabhata. As far as longitudes are concerned, 
these tables are based on the Almagest. Now leaving aside the very difficult planet 
Mercury, the deviations of Ptolemy's mean longitudes in A.D. 510 are (in degrees 
according to Billard's calculations) • Equinox = 0 (by definition); Sun = 2 7; Moon = 
2 6, Moon's node = 3.1 ; Moon's apogee = 3.0, Venus = 5.2; Mars = 2.6; Jupiter = 1 .6; 
Saturn = 3.0, Without any doubt, pre-Ptolemaic Greek tables would give rise to still 
larger deviations. Usually, the errors of astronomical tables tend to increase in the 
course of time. By sheer accident, it may happen that for one or two planets the 
deviations become nearly zero for a particular year, but in figure 5 we have nine 
deviations which simultaneously become extremely small in A.D. 51 0 The only possi- 
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ble explanation is that the mean longitudes were determined by accurate observa- 
tions around A D 510 " 134 

As to Pingree's other contention that Aryabhata could observe true, and not mean 
longitudes, Van der Waerden shows that it was not at all necessary for Aryabhata to 
observe mean longitudes Supposing that Aryabhata had tables from which to calcu- 
late mean and true longp Jes for his own time and he had really computed them to 
find discrepancies between the observed and calculated positions how would he pro- 
ceed to make his system work? “He might", says Van der Waerden, "make appropri- 
ate changes in the elements of the table, and calculate the positions anew After one 
or two trials, he would probably get a reasonable agreement betv 'n calculation and 
observation. There was no need for him to calculate mean longitudes from observed 
positions " 13S That Aryabhata really proceeded in this manner is strongly indicated in 
Billard's analysis of Aryabhata's mid-night and sun-rise systems In the former all 
mean longitudes are good for A D 51 0 except those for Mercury and Jupiter. Suppos- 
ing Aryabhata wanted to improve for Jupiter it would have been easier for him to 
observe the planet 'for some time, say one or two synodic periods of thirteen months 
each, and see what changes in the mean longitudes and other elements he had to 
make in order to reach a better agreement between theory and observation' Billard 
actually prepared a diagram showing deviations of true longitudes of Jupiter and 
Saturn computed on the mid-night system from those due to modem theory and 
tables for the years between A D 507 and 513 and made it available to Van der 
Waerden. The diagram shows for Jupiter a more or less constant deviation between - 
1°1 O' and -1 °40' and a superimposed sine wave of period equal to that of Jupiter. The 
constant deviation and the sine wave could be rectified by increasing the mean longi- 
tude by the amount of deviation and at the same time changing the dimension of 
Jupiter's 'conjunction epicycle' Van derWaerden says “Now this is just what Aryabhata 
did In the Mid-night System, the number of revolutions of Jupiter in aMahayuga was 
364, 220, but in the Aryabhatiya it was raised to 364, 224, which means that the 
mean longitudes for the lifetime of Aryabhata were augmented by 1°12‘ .. In the 
Midnight System the circumference of this epicycle was 72 degrees, i e its radius 
was the 72/360 of the radius of the deferent In the Aryabhatiya the figure 72 was 
retained for the initial points of the odd quadrants of the epicycle (i e at the opposi- 
tion and conjunction), but reduced to 6772 at the initial points of the even quadrants, 
where the sine wave has its maxima and minima. This reduction of the size of the 
epicycle was just sufficient to eliminate the sine wave, as Billard's calculations show 
clearly." 136 

Observational basis is also strongly indicated in Billard's analysis of Brahmagupta's 
Brahmasphuta&iddhanta. Although the text was written in A D. 628 planetary obser- 
vations underlying the system appear to have been made near the middle of the sixth 
century and those of the Sun and the Moon near the end of the century Van der 
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Waerden earned out his own calculations to confirm these conclusions Aryabhata's 
mean longitudes set right for A.D 510 as explained above would deteriorate progres- 
sively (mean motions would be slow), and show up large errors in the case of Mars, 
Saturn, Jupiter and Venus after nearly a century. "Now Brahmagupta or his predeces- 
sor, who corrected Aryabhata's mean motions", observes Van der Waerden, “never 
diminished, but always augmented the mean motions. He added four units to 
Aryabhata's number otrevolutions for Mars, three for Saturn, two for Jupiter and one 
for Venus, just in the right order This proves that the observations, on which these 
corrections to Aryabhata were based, were made sometime after Aryabhata, say 
about A.D 570 " ,37 That these corrections were necessiated by observations was 
stated by Brahmagupta himself (Br Sph S. XI, 51) 

In addition to the speculative canons based on imaginary conjunction of planets in 
February 3102 B C., where the errors increase with time, Billard discovered three 
'non'speculative' canons (canons exempts de speculation) independent of any such 
supposition. These are Lalla's &isyadhivrddhidatantra (K. (Lalla)), and two versions 
A and B of Grahacarambandhanasamgraha (K. (GCNibs) A, K (GCNibs) B) The 
first canon of this family, K (Lalla), for example, derives its mean motions by compar- 
ing Aryabhata's values correct for his time with a set of new observations made around 
A.D. 898.The result is that the canon yields accurate sidereal longitudes of all planets 
except Mercury for a period of 500 years between A.D 400 and A.D. 900 The other 
two canons operated likewise between values correct for A.D. 522 (assuming 
Aryabhata's mean values to be correct forthis date) and the same observed values for 
A.D. 898 used by Lalla. The deviation curves in longitudes and synodics obtained for 
this family of three are more or less identical and resemble those for the Almagest 
Billard says that from the view point of realism, objectivity and precision, these texts 
achieved what was possible in their epochs "Le r£alisme y est cette fois aussi complet 
qu'il pouvait I 1 §tre dans I'astronomie ancienne La speculation disparait enfin pour 
laisser place a des canons tout objectifs, tout comme le K. MaQZvvr (Almagest) (2, 
2, 2) des figures 1 et 2, et de plus d'une precision qui itait sans doute k la limite des 
moyens de l'6poque " 138 Van der Waerden points out that Pingree criticizes Lalla's 
woqkto be "very crude", but “does no mention the fact that Lalla's mean motions are 
excellent for the whole period from A.D. 400 to 900." He also avoids noting Billard's 
date of A.D. 898 when actual observations were made as the basis of these non- 
speculative texts, and sticks to his own dating of Lalla's work in favour of eighth or 
early ninth centurty without giving any reason 

To suit his own theory Pingree devised a number of chronological schools, e.g. the 
Brahmapafya, theAryapaksa, etc The Brahmapaksa of which the basic text was the 
Paitamaha-siddhanta is supposed to precede Aryapaksa, and the siddhanta which 
is placed in the early fifth century is assumed to be the source and inspiration of 
Aryabhata's work, for which the last verse (IV. 50) of the Aryabhapiya is adduced as 
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evidence Billard considered this last verse in detail, found it to be incompatible with 
the spirit of the work, and unhesitatingly declared it to be an interpolation Paitamaha- 
siddhanta' s placement in the early 5th century has also been called into question 
The revolution numbers given in this work are the same as those given by Brahmagupta. 
Furthermore, the calculations made by Billard and Van der Waerden indicate that 
'these numbers were based on observations made in the late sixth century 1 Van der 
Waerden, therefore, considers Pingree's dating 'in the early fifth century as impossi- 
ble 139 


In concluding his review of the two treatises, Van der Waerden observes that 'Billard's 
methods are sound, and his results shed new light on the chronology of Indian astro- 
nomical treatises and the accuracy of the underlying observations 1140 We ourselves 
would like to conclude this survey by expressing a hope that Billard's method of com- 
puterized statistical analysis should be followed in many more studies of this kind for 
a better and more thorough understanding of the history of astronomy in ancient and 
medieval India. 
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4 ASTRONOMY IN INDUS CIVILIZATION AND 

DURING VEDIC TIMES 


A. K BAG 


Primitive civilizations recognized the feet that different constellations are visible at 
different times of the year The appearence of conspicuous stars or groups of stars in 
conjunction (amavasya) or opposition (purmma) with the Moon or Sun was consid- 
ered to be reliable guides for the fixing of agricultural and religious practices Scien- 
tific astronomy in India perhaps began with the use of such astronomical phenom- 
ena Many religious festivals in India are still found to be associated with the phases 
of the Moon (tithi)— an association which thus acquired a deeper significance In- 
dia, like Egypt and Mesopotamia, originally had a lunar calendar in the time of the 
Indus civilization. In Vedic and post-Vedic times, the Sun gradually assumed greater 
importance because of the emphasis on agriculture and seasons. Consequently the 
attempt in the Vedic period to associate the lunar months in a more or less fixed 
fashion with the agricultural seasons led to the development of a lum-solar calendar 
in the post-Vedic period. The luni-solar calendar involved the addition from time to 
time of an intercalary lunar month to the regular (civil) months of fixed length (of 30 
days) These intercalations were handled in a practical manner, whenever deemed 
necessary, to ensure that seasonal festivals and agricultural practices did not go out 
of step. Methods of intercalations varied over different parts of the country. 

NEW YEAR FESTIVAL 

Parpola and his colleagues have studied the astronomy of the Indus civilization. 1 This 
was later re-examined by Asfaque. 2 These scholars believe that various figures of 
animals, real or mythological (bulls, elephants, rams, rhinoceroses, crocodiles, ti- 
gers, unicorns, animals with composite head etc.) and deities in human form, found in 
Indus seals, signify a crude system of the division by asterism of the apparent path of 
the Moon. Father Heras 3 first associated the sign (Q) with the Dravidian word mm for 
fish, and its homophone signified an asterism. Parpola et al. also supported this dual 
system of interpretation of star worship and fish cult which was probably based on the 
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concept that sky was garbed by the oceans or a broad river in which the stars were 
nothing but the swimming fishes. The proper assessment of the extent of astronomi- 
cal knowledge, however, must await the deciphermant of all the seals 

Our knowledge about the new year festival of the Indus people is based on the depic- 
tion on a seal (M. 2430) found in the D K. area Mohenjo-daro This seal demon- 
strates how religious ritual and astronomy went hand in hand in these distant prehis- 
toric times The Vedic period also records similar offering ceremonies such as the 
savana (thrice a day), the aha (daily sacrifice from sunrise to next sunrise), th esadaha 
(Six ahas), the masa (five sadahas), and the samvatsara-satra (twelve masas) The 
important pictographs on the Mohenjo-daro may be described as follows . 

(i) a deity standing at the central place between two similarly inclined branches of 
a pippal tree; 

(n) in front of the deity there is a raised structure, perhaps an altar, 

(in) seven other human figures standing in a row in the lower portion of the seal in 
such a way that the deity, the altar and the central human figure apparently 
come in one line denoting perhaps east-west, 

(iv) a priest kneeling before the altar; 

(v) the picture of a huge stag or ram with two long horns having a human face, 

(vi) the head-dress of all human figures resembles the traditional Indian turban, 
and 

(vu) several pictographs include the fish symbol (Fig 41). 

What do the seven human figures represent’ Parpola 4 writes, "I was previously think- 
ing that the seven figures in the seal (M. 2430) most probably are seven sages of the 
Great Bear. I have later changed my view, and now think that they are probably the 
stars of Pleiades.The conclusion, however, is not based on the seal, but on studies of 
the Vedic and Epic mythology and the connection of Skanda with the Pleiades, also in 
the Indus script". Moreover, Parpola considers the representation on the seal to be 
the new year festival with autumnal equinox at the full-moon at Krttika, while Asfaque 
compares it to the vernal equinox at Krttika. In fact, Harappan-Rgvedic and Mohenjo- 
daro Atharvavedic cultural traditions have been emphasized by many histonans. Ac- 
cording to Vedic tradition, 5 Krttika comprises of seven stars, viz. Amba, Dula, NitatnT, 
Abhrayantl, MeghayantI, Varsayant? and Cupumka.The Satapatha Brahmana 6 reports 
that Krttika never deviates from the east. The actual east-west line might have been 
determined by the shadow of the pole on the equinox day and verified by the rising 
and setting points of the star Krttika. 7 The fixation of east-west line also played a 
significant role in the construction of Vedic altars. At present, Krttika does not appear 
to rise exactly in the east but at a point north of east. Obviously the lower portion of 
the seal represents the eastern sky. 
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Fig. 4.1 

In the western side is found a handsome, ever-young god between the two pippal 
branches. The symbol of branches appears to be meaningful, for in Sanskrit the word 
sakhe means two branches of a tree. Hence the symbol of two branches is of special 
significance and represents possibly the asterism Visakhe This again becomes clear 
from the fact that Visakhe and Krttika are opposite constellations ( vide table of the 
lunar mansions) The handsome figure between the two branches shows that he is in 
conjunction with Visakhe Parpola considers the handsome ever-young war-god as 
Skanda, the heavenly counterpart of Visakhe, while Asfaque is inclined to think that it 
represents the Moon in its dark phases and invisible to the eye at the epoch of the 
new year 8 From the prominent crescent horn and beautiful ever-young feature it is 
quite suggestive that the god represents 'Moon' not war-god 'Skanda'.The presence 
of Krtti ka in the eastern horizon suggests that the full-moon rises at Krttika and sets at 
the opposite asterism ViSakhe So the ending part 'Moon in the dark phases' does not 
appear to be correct This is perhaps the last hour festival of the night after it began 
its journey with full-moon at Krttikl. In the centre of the seal is found a man worship- 
ping before an altar At the back of the priest, there is the figure of a huge stag (in 
Sanskrit, mrga) with two big horns (iircs).The stag on the seal is represented as the 
asterism BharanT and ASvmT both by Parpola and Asfaque on the basis of the hypoth- 
esis that they are situated west of Krttika, and their place in the sky is much higher 
above the eastern horizon than that of the former at the time of the heliacal observa- 
tion. The star mrga is described in masculine gender in the Atharvaveda? and the 
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ceremony shows that the priest is introducing MrgaSlras which is known as the month 
of AgrahayanI in the Vedic tradition. 10 The AgrahayanI derives its meaning from 
the following “the year (kayana) stood at the end ( agra ) of that naksatra night" 
AgrahayanI as a synonymous term for Mrgaslras naksatra occurs in Panini at three 
places. 11 There are references at two places in the Mahabharata 12 to the effect that 
the list of months begins with the Mrgaslra. Al-Blrunl 13 has recorded that, in Sind and 
other provinces, the year commenced with the Mrgallras, and the system of bearing 
the year with MrgaSlras must have remained in vogue in some provinces in west India 
for some time. The stag ( mrga ) is so prominent on the seal as to make it highly 
probable that the months of AgrahayanI were already introduced in Indus times This 
again shows that the Krttikadi system was current during the Indus Valley civilization 
The new year began with Krttika on the equator (equinoxial day), and the month was 
pumimanta The remaining symbols of the seal (M 2430) have been considered by 
Parpola and his colleagues as ritualistic paraphernalia on the occasion of the year 
beginning. 


LUNAR MANSION AND LUNAR MONTHS 

From the foregoing discussion it appears that the months Mrgasirsa (AgrahayanI) were 
being introduced after the full-moon at the Krttika {Krttikadi system). Further, Krttika 
was considered as the east point on the equator or equinox point when day and night 
were equal The months were also pumimanta The month names, Karttika, AgrahayanI 
(Mrgasirsa), Pausa, Magha, etc. directly follow from the star names Krttika, MrgaSlrsa, 
Pausa, Magha respectively. Moreover, the identification of Krttika andVisakhe asterisms 
in opposition indicates that possibly 27 or 28 asterisms were already known in time of 
the Indus civilizations. The Atharvaveda 14 and the other Vedas 15 have followed the 
Krttikadi system and also given a complete list of 27 or 28 lunar asterisms. The 
tradition of the system of naksatras and lunar months based on them is very old.The 
details are tabulated as follows : 



Naksatra (. Nirayana Longitude) 15 

Lunar months 

1 . 

KrttikI (ti Tauri, 36° Long) 

Karttika 

2. 

Rohinl (Aldebaran, 46°) 

AgrahayanI 

3. 

Mrgallrsa {X Orionis, 60°) 


4. 

Ardra (Betelguese, 65®) 

Pausa 

5 

Punarvasu (Pollux, 90°) 


6. 

Pusya (8 Cancri, 105°) 


7. 

Aslesa (Hydrae, 99°) 

Magha 

8. 

Maghls (Regulas 126°) 


9 

(Purva) Phalguni (8 Leoms, 138°) 

Phalguni 
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10. 

(Uttara) Phalgum (Denebola, 148°) 


11 

Hasta (5 Corvi, 170°) 


12. 

Citra (Spica, 180°) 

Caitra 

13 

SvatT (Arcturus, 181°) 


14. 

Visakhe (aCentauri, 216°) 

Vaisakha 

15. 

Anuradha (8 Scorpi, 219°) 


16. 

Jyestha (Antares, 226°) 

Jyaistha 

17 

Mula (k Scorpii, 241°) 


18. 

(Purva) Asadha (8 Sagittarii, 251°) 

Asada 

19 

(Uttara) Asadha (a Sagi, 259°) 


20 

Abhijit (Vega, 262°) 


21 

Srona (Altair, 278°) 

Sravana 

22. 

Sravistha (|J Delphim, 293°) 

23. 

Satabhisa (X,Aquarii, 318°) 


24. 

(Purva) Prosthapada (Markob, 330°) 

Bhadrapada 

25. 

(Uttara) Prosthapada (y Pegasi, 346°) 


26 

Revatl (£ Piscium, 356°) 


27 

ASvayujau ((3 ArietiS, 10°) 

ASvina 

28 

Bharanl (41 Arietis, 25°) 



ORIGIN AND CONFIGURATION OF THE UNIVERSE, STARS AND PLANETS 

The ideas of the Indus Valley people on the origin and the configuration of the uni- 
verse are not yet known. The Rgveda 17 mentions : "From the watery ocean was born 
the year ( samvatsara ) ordaining days (aha) and night (rntri), the controller of every 
living moment. The creator then created, in due order, the Sun {surya), the Moon 
(candra), the sky, the regions of air and light". Similar passages are found in the 
Taittiriya Brdhmana 18 and the Taittiriya Upamsad 19 Though in some passages the 
Vedas describe the creation of the world and the order of creation, doubt has also 
been expressed in various passages of the Taittiriya Brdhmana 20 where it is pointed 
out that no one can say the actual cause of creation, which implies that no one knows 
the order in which the creation took place. 

Some time the universe has been stated to be made up of the earth and sky (dyava 
prthivi), but more often it is referred to as consisting of three parts, 21 viz. earth 
(i bhiimi ); the atmosphere (antariksa) and the sky ( dyau ). The universe is also con- 
ceived as infinite in extent. 22 The Taittiriya Samhita 23 notes that fire rests with the 
earth, air in the atmosphere, Sun in the sky and Moon in the company of constella- 
tions ( naksatrebhyah ). 
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TheRgveda refers to the five planets as the five gods 24 and mentions Brhaspati (Jupi- 
ter) and Vena (Venus) by name . 28 It also mentions the thirty-four lights 28 which, in all 
probability, are the Sun, Moon, the five planets and twenty-seven naksatras Parpola 
considered the crab symbol as indicative of planets because of its occurrence in 
samples in most cases before and after various fish signs of Indus inscriptions The 
Tamil word, kol for planet also means 'to seize' or 'seizure' giving emphasis on the 
claws rather than on the feet. The Sanskrit word graha for planets has also the same 
meaning. This indicates that the Vedic people received the pr e-Rgvedic traditions of 
the Indus civilization 

The Indus script (-Q- -^ ) has been accepted by Parpola to signify vata-mm in old 
Tamil, signifying "north star". Vedic seers knew certain other constellations, e.g Rksas 
(bears), meaning possibly two north polar constellations, the Great Bear and the 
Little Bear 27 ; two heavenly dogs identified with Canis Major and Cams Minor 28 ; the 
divine boat signifying the constellation of Navis. 29 The Great Bear was also known as 
the constellation of seven sages, saptarsi 30 The Aitareya Brahmana 31 has narrated 
an interesting story regarding the constellation Mrga (Orion) with the starMrgavyadha 
(Sirius). 

The Sun is conceived as the prime supporter and controller of the world as well as 
sole lord and light-giver of the universe . 32 The Sun also controls the seasons and 
causes the winds . 33 It further generates all earthly directions . 34 There is reference to 
only one Sun and not more as the lord of the universe. 35 The Sun is considered as the 
maker of the day and night; the duration of day light from sun-rise to sun-set is taken 
as the 'day 1 and that of darkness from sun-set to sun-rise and the 'night' The variabil- 
ity of the length of day and night was also known 

The Moon is spoken of as the light of the Sun (surya-rasmi) meaning that it shines by 
the Sun's light . 36 It is as bnght 37 as the Sun and appears in new forms day after day in 
different phases . 38 Some phases 39 are well-known, e g. "full-moon day (rakS), the 
day previous to full-moon ( anumati ), new-moon day (kuhu), the day proceeding the 
new-moon (siniuaZi). The Taittiriya Brahmaryi 40 gives a full list of names of fifteen 
days of the light half (pUrva paksa) and also of dark half ( aparapaksa ) of the Moon. 
Day and night is each divided into fifteen muhurtas. Each muhiirta is again divided 
into fifteen pratimuhurtas . 41 

The period from one moonrise to the next or from one moon-set to the next was - 
known as a tithi 42 (lunar day) in the Vedic period, which is somewhat different from 
our present concept of a tithi of fixed time. That the phenomenon of new-and full- 
moon is related to Moon's elongation from the Sun was also correctly guessed. The 
invisibility of the Moon on the new-moon day is explained by its being swallowed by 
the Sun and its appearance on the following day by its being released by the Sun 43 
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UNIT OF TIME 

The year {samvatsara), month ( masa ), six days week (sadaha) and day (aha) were 
considered as basic units of time. There were various units of the year lengths knoyvn 
in ancient India, a few of which are summarized below : 

1 Sidereal (naksatra) lunar year of 324 days = 27 naksatras of 12 days average 
duration each The number was possibly derived from the practical counting of 
the moon through naksatras 

2. Sidereal (naksatra) lunar year of 351 days = 27 naksatras of 13 days average 
duration each 

3. Synodic (similar position of the Moon relative to Sun) lunar year of 354 days = 6 x 
30 days + 6x29 days 

= 12 x 29 y days. 

For practical consideration, the first half of the six months was possibly considered 
to be of 30 days and the second half of 29 days. The average lunar month contains 
4 (6 x 30 + 6 x 29) or 29 y days. The Moon becomes full after 29 or 30 days. 

4 Civil (sdvana) year of 360 days = 1 2 x 30 days 

= 12x5 sadahas (1 sadahas = 6 days) 

= 360 days. 

This refers to the mean motion of the Earth round the Sun. The Rgveda 44 has 
compared 12 months to 12 spokes of a wheel, 360 days to 360 nails, and de- 
scribes day and night as couple, and 360 such couples give the number 720. The 
Taittiriya Samhita gives 360 stotriyas (verses) for recitation for 360 nights. 45 

5. Sidereal (naksatra) solar year of 360 days = 27 x 13 y days. The Sun was consid- 
ered to remain in each naksatra (13 + y + y ) days =13 f- days. This refers to the 
revolution of the Sun with reference to a fixed star. The Nidanasutra 46 gives a 
summary of all these year lengths. 

The Rgveda 47 states that Varuna knew the 1 2 months and the animals created dunng 
that penod as also the intercalary month which used to be created (near the 12 
months). In the Taittiriya Samhita 48 there is a passage which says that a day is 
omitted after some §adahas (six day week), and masas are observed It indicates the 
circumstances in which the day is omitted during the period. The lunar month is 
equivalent to 29 y days, two such months are equivalent to 59 days. Therefore, if a 
sadaha ceremony is commenced on the first day of the lunar month, the second lunar 
month would end one day earlier. This shows that attempts for intercalation were 
made in Vedic times to adjust the lunar month or year agreeing with the civil year and 
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the seasons The Rgveda 49 points out that the year occasionally has a thirteenth or 
additional month which is produced of itself. Shamasastry 50 explains that a cycle of 
three savana years of 360 days each was following by a year of 380 days As a result 
the four-year period contained 1461 days, each average civil year being 365 }-days 

The natural means of measuring a year originated from the experience of periodic 
recurrence of climatic seasons. Likewise the natural means of measuring a day was 
the period between two consecutive sun-rises, and that for a month a period between 
two full-moons The return of the Sun to the same position with respect to the fixed 
stars might have appeared to be much more reliable than the slow seasonal variation 
of the length of day light. There appears to be a constant attempt at adjusting the 
lunar months with the seasons The idea of intercalating a month at regular intervals 
of time or of adding of 5 or 6 days in one month or more months was thus developed. 
Naturally, three units of time measurement, viz the solar day, the lunar month, and 
the solar year are involved. Consequently, the luni-solar adjustment depended on the 
problem of finding the integers x, y, z, which satisfy the relation 

x years = y months = z days 

This type of adjustment was attempted in late Vedic and Vedanga Jyotisa period 

A bigger unit of time of five years known as yuga was also conceived for this adjust- 
ment.The Taittiriya Brahmana 61 states that five years, viz. samvatsara,parwatsara, 
idavatsara, anuvatsara and iduvatsara constituted the yuga. We find mention of two 
year names also in the Rgveda 52 and all names with little variations appear in the 
Yajurveda . 53 The conception of caturyuga and kalpa were possibly later develop- 
ments. 


LUNAR MONTHS, SEASONS AND SOLAR MONTHS 


The Sun generates all the earthly directions and controls the seasons. 54 The Taittiriya 
Samhita 55 gives the names of the following seasons and corresponding solar months. 


Lunar months 

Seasons 

Solar months 

Caitra 

Vasanta (Spring) 

Madhu 

Vaisakha 


Madhava 

Jyestha 

Crlsma (Summer) 

Sukra 

Asadha 

1 

Suci 

Srivana 

Varsa (Rains) 

Nabhas 

Bhadrapada 


Nabhasya 

ASvina 

Sarada (Autumn) 

Isa 

Karttika 


Urja 





ASTRONOMY IN INDUS CIVILIZATION AND DURING VEDIC TIMES 


143 


Mrgaslrsa (Agrahayana) 

Pausa 

Haimanta (Dewy) 

Sahas 

Sahasya 

Magha 

Phalguna 

Sisira (Winter) 

Tapa 

Tapasya 


The lunar month used to be measured from full-moon to full-moon or from new-moon 
to new-moon as it is now, it was more widely known because of its association with 
festivals More-over, it was easy to measure a lunar month, while the method of 
computing a solar month was not an easy task 

SOLSTICES (A YANAS) AND EQUINOXES 

During the time of Mohenjo-daro, the new year began with the end of Karttika-purTuma 
This marked the equinoctial day, the day of yearly sacrifice, as well as beginning of 
year and ofyz^a.The Kausitakl Brahmana 86 reports that the Sun rests on the new- 
moon day of Magha ( maghi-amavasya ) being about to turn towards north On this day 
the mahavrata rites were performed This refers to winter solstice day The Vedanga 
Jyotisa (R-VJ6, Y-VJ7) writes, "When situated at the beginning of the &ravistha 
segment, the Sun and the Moon begin to move towards north. When they reach the 
middle point of the Aslesa segment, they begin to move towards south In the case of 
the Sun, this happens always in the months of Magha and Sravana respectively" 
(Eng tr TS Kuppanna Sastry, 1985, p 45) This indicates that the system of new 
year changed from karttika-purnima to magha-amavasya and the month-reckoning 
from purnimanta to amanta This fact was observed though it does not follow from 
this that the Indians knew the phenomenon of precession The shift from Karttika 
purnima to Karttika-amavasya is due to precession of equinoxes and is about 
15 tithis, (1 tithi difference = 72 years, 15 tithis = 15 x 72 years = 1080 years). 

From maghi-amavasya day the Sun goes towards north for six months, stands still 
and then turns towards south. On the day, when it was turning towards south, the 
rites of vaisuvatiya (summer solstice) are performed. Thus the year is divided into 
two halves of six months marked by winter solstice and summer solstice The in- 
crease in day-length and corresponding decrease in lengths in night from winter sol- 
stice to summer solstice are noted in later texts, the longest day-length at summer 
solstice being 1 8 muhurtas and the shortest day-length at winter solstice being 1 2 
muhurtas 

The Taittiriya SamhitaF also notes that the Sun moves northward ( uttarayana ) for 
six months and southwards ( dakfinayana ) for six months These progresses are re- 
ferred to also in th eRgveda SB and in the Atharvaveda as Devayana and Pitryana.Tbe 
later astronomical texts mention these movements as uttarayana (northern move- 
ment) and daksinayana (southern movement). 
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POST-VEDIC ASTRONOMY 


S D SHARMA 


Vedic astronomy has a long span starting from remote antiquity upto the advent of 
siddhantic texts Vedic astronomical lore can be seen in the earliest strata of the 
Rgveda. We find an ancient report on conjunction of Jupiter with 8 Cancri (Tijya or 
Pusya Yogatara) in the Taittiriya Samhita ,’ Tandya Brahmana etc. which can be 
shown to belong to a naked eye observation around 4650 ±80 B C. on the basis of 
slow motion of the node of Jupiter's orbit over 8 Cancri region. 2 There are ancient 
observations of Moon recorded in the Rgveda, which paved the way to five-year yuga 
system in calendar making. Although such ancient records are available in oral tradi- 
tional literature of the Vedic times, yet there was no systematic text compiled earlier 
than 1400 B C. 3 or so, when Rsi Lagadha compiled Vedanga Jyotisa (V J ). In fact 
there is a big gap of about two thousand years between V J and the siddhantic 
tradition of Aryabhata (last decade of 5th century A.D.) After V. J we find a host of 
other works, — Jaina canonical literature Surya-candra prajhapti, Jyotiskarandaka, 
Buddhist literature Sardulakaranavadana, Pancasiddhantika, a compendium by 
Varahamihira of five astronomical treatises, and other texts In addition to this we find 
also the qualitative studies of kinematics of planets Mars, Mercury, Jupiter, Venus and 
Saturn in Brhat-samhita and Bhadrabahu Samhita etc. 4 These contain also reports 
on cometary kinematics and include old records on studies of meteors 


PLANETARY KINEMATICS 

The planetary kinematics reported \nBrhat-samhita, Bhadrabahu Samhita and other 
samhita texts are qualitative and seem to be quite old. It is often commented that V 
J had only studies of kinematics of Sun and Moon before contacts with Greeks, but 
these reports on planetary kmematical studies indicate a good deal of attempt on 
studies of planetary velocities, retrograde motions, their heliacal rising and setting 
or conjunctions with stars etc 
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Here we have tabulated (Table 5 1 ) the categorizations of retrograde motions of Mars 
The study of motion was started whenever the planet became first visible after com- 
bustion The number of asterisms between the point of first visibility and the point of 
retrogression was reported and various names were assigned to Mars accordingly 
For example, if it retrogresses in the 7th, 8th or 9th asterism after first visibility it was 
named "Usna-Mukha" according XoBrhat-samhita of Varahamihira and Bhadrabahu, 
and “ Vakra-Mukha * according to Vrddha VaSistha These names, though they have 
astrological prognostications, deserve critical analysis of the qualitative kinematical 
data 


Table 5.1 Categorization of Retrograde motions of Mars 


Number of asterisms where it retrogrades 
(with respect to the asterism where it 
becomes first visible after combustion) 

Varahamihira 
& Bhadrabahu 

Vrddha 

Vasistha 

(1) In 7th, 8th & 9th asterisms 

Usna-Mukha 

Vakra-Mukha 

(2) In 10th, 1 1th and 12th asterisms 

Sosa-Mukha 

Asru-Mukha 

(3) In 13th & 14th asterisms 

Vyala-Mukha 

Vyala-Mukha 

(4) In 15th & 16th asterisms 

Lohita-Vakra 

Raktanana 

(5) In 17th & 18th asterisms 

Loha-Mudgara 

Musala 


Here as an example of study of motion of Mercury, we have tabulated three different 
categorizations of its velocities according to Parasara, Devala and Bhadrabahu (Tables 
5.2, 5 3 & 5.4) which seem to be gradual improvements in study of the motion of 
Mercury The velocity was given names like-R/ui, Ativakra etc. (see table 5.2) Prakrta, 
Vibhmna, etc. (see table 5.3) depending upon the number of days this planet took for 
its combustion. Its Rjvi (direct) velocity is for 30 days, Vakra and Vikala (stationary) 
velocity was noted to be for 6 days.The categorizations found in Bhadrabahu Samhiffi 
seem to be much improved (Table 5.4). All these qualitative data deserve critical 
mathematical analysis 

In the case of Jupiter too we find the study of its direct and retrograde motions. The 
motion was studied between its consecutive heliocentric risings These studies yeild 
sidereal time period of Jupiter = 12 years and on combining this period with Five Year 
Yuga, a 60-year cycle was designed These consecutive 60 years are given different 
names and have much importance in Hindu religious calendar. 




148 


HISTORY OF ASTRONOMY IN INDIA 


Table 5.2 . Categorization of Mercury's velocities according to Devala 


Type of velocity 

No of days of combustion or visibility 

1 Rjvi 

30 days 

2 Ativakra 

24 days 

3. Vakra 

12 days 

4 Vikala 

6 days 

Table 5 3 : 

Categorization of Mercury's velocities according to Parasara 

Type of velocity 

No. of days of combustion or visibility 

1 Prakrta 

40 days 

2 Vibhinna 

30 days 

3 Samksipta 

22 days 

4. Tlksna 

18 days 

5. Yogantika 

9 days 

6. Chora 

15 days 

7. Papa 

9 days 


Table 5.4 Categorization of Mercury's velocities according to Bhadrabahu 


Type of velocity 

No of days of combustion or visibility 

1. Saumya 

45 days 

2. VimiSra 

30 days 

3 Samksipta 

24 days 

4. Tlksna 

10 days 

5. Ghori 

6 days 

6 Papa 

3 days 

7 Durga 

9 days 


In the case of Venus the kinematical studies are very interesting. In Sarrihitas and in 
Jaina literature we find the study of motion based on estimates of its average veloci- 
ties dunng heliacal combustion in different parts of the lunar zodiac. 5 During combus- 
tion Venus moves in lanes {vithis) among stars. There are 9 lanes in all which are 
defined by the number of days it is heliacally invisible during inferior and superior 
conjunctions (Table 5.5).The lanes have definite nak$atras starting with ASvinT, Bharanl 
and Krttika in Naga* vlthi (not listed in table 5 5). The table also has zodiacal stretches 
listed for the case of infenor conjnctlon in units oimuhiirtas of arc (1 muhUrta = the 
angular distance travelled by Moon in 48 minutes, and 819 % muhurtas = 360°) 
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Table 5 5 


Vithi 

Number of days for 
which Venus remains 
heliacally invisible 

Zodiacal 

stretch 

Muhurtas of 
arc (Inferior) 
conjunction) 

Inferior 

conjunction 

Superior 

conjunction 

1 Vaiivanara (fire) 

24 

86 

842 

2 Mrga (deer) 

22 

84 

75 

3 Aja (goat) 

20 

86 

120 

4 Jaradgava (old bull) 

17 

75 

105 

5. Go (cow) 

14 

70 

90 

6 Vrsa (bull) 

12 

65 

90 

7 Airavata (chief elephant) 

10 

60 

75 

8 Gaja (elephant) 

8 

85 

105 

9 Naga (snake) 

6 

55 

75 


The names of vithis indicate qualitative nature of the speed estimates. Still it can be 
shown that the perigee of Venus's orbit lies in Vaisvanara vithi. 

In the case of Saturn the time period was estimated to be 30 years (approximately). 
All these studies on planetary kinematics, being qualitative, indicate their pre-siddhantic 
chronology. 

There are also studies on cometary statistics in Samhita texts It is undoubtedly true 7 
that Indian astronomers believed in the periodicity of comets long before Edmund 
Halley claimed it for the comet observed in 17th century A D and known after him 
Bhattotpala (A D 937) in his commentary on Brhatsamhita ( Ketu-caradhyaya ), gives 
a list of comets with their names after the names of Rsis who studied their motions 
and recognized their reappearance in their lifetimes probably using previous records 
Although Brhatsamhita starts its chapter on comets with a general statement that 
the cometary motions cannot be computed, yet it lists definite loci of some comets in 
the lunar zodiac. Similarly other Samhita texts and literature too give definite orbits of 
some comets and it is contemplated that these records have reports on old appari- 
tions of Halley's comet T. Kiang of China has decoded 29 apparitions of Halley's 
comet before 17th century A.D in Chinese tradition (. Memoir of Royal Astronomical 
Society of England, 1 976), J. Brady of California has tned to decode still older records 
in European tradition, but the records before 240 B.C. are not much reliable Indian 
records too can be decoded for such old reports on apparitions of Halley's comet. 
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JAINA ASTRONOMICAL TRADITION 

The Jaina canonical text Surya-prajhapti, Jyotiskarandaka , etc have records of pre- 
siddhantic post-Vedic astronomical traditions. Although these records were compiled 
in the form of these texts quite late, there is no doubt that the observational records 
presented in Surya-prajhapti etc belong to 2nd century B C.® or even to an earlier 
period. We call the period between the Vedanga Jyotisa and siddhantic astronomy to 
be the dark penod, as these texts indicate no further advancement in Indian astro- 
nomical tradition partly, due to the reason that texts like Surya-prajhapti of this pe- 
riod are not well understood These are undecoded due to the fact that the old tradi- 
tion of ancient pre-siddhantic astronomy was forgotten with the advent of siddhantic 
astronomical schools. 

Even Brahmagupta 9 and also Bhaskaracarya criticised the double counter Sun hypoth- 
esis of Jainas It may be remarked that now the paradox of two Suns is resolved and 
it has been shown that the relevant gathas in Surya-prajhapti in fact belong to the 
daily astronomical observations of the Sun at the time of rising and setting 10 These 
observations were meant for the experimental determination of the solar year This 
post-Vedic tradition of Indian astronomy is very important and it has been decoded 
that the confusion regarding existence of two Suns resulted because the word 
ardhamandala for half of the diurnal parth of the Sun got interpreted to mean the 
cutting of a mandala (diurnal path) in two halves perpendicular to its surface This is 
the traditional interpretation by Malayagiri and others (Fig. 5 1) Even Malayagiri 11 
accepts the inadequacy of his interpretation this way and begs pardon if that proves 
wrong in future Now it has been shown on the basis of mathematical details and the 
linguistic approach that the word ardhamandala means a corss section of wheel-like 
structure of diurnal path ( mandala ) into the halves of half the width each, without 
distorting its circular structure as shown in Fig. 5.2 Surya-prajhapti states that the 
Sun (on an average) traverses half of the mandala (i e half of its own disc and 
consequently the wheel-like locus generated in diurnal motion) every day, which is 
true taking into consideration the mean declinational uttardyana and daksiijayana 
(north south) motion of the Sun. It has shown daily observations of the Sun in the 
morning and evening, which created confusion for two Suns. On the basis of these 
experiments, the solar year was determined to be of 365 jdays 12 which is found 
also reported in Paitamaha Siddhanta in Pahcasiddhantika of Varahamihira 
This length of solar year is not found used as there was not really a break-through in 
theoretical advancements in the dark period 

The Early Traditions ofSiddhdnts 

After post-vedic pre-siddhantic developments, we find five schools as compiled by 
Varahamihira in his Pahcasiddhantika. Out of the five siddhantas the Paitamaha- 
siddhdnta is the earliest of all and belongs to the epoch of 1 1th Jan A.D 80. Its 
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Fig 5.1 The maridala is the disc of sun, but this word now stands for the locus generated by the 

sun in diurnal motion, the word Ardha-mandala (half of a mandala) was taken to be half 
section as shown above 



Fig 5.2 • In our interpretation the word ardha-mandala stands for the cross-section of this 
wheel-like path This ardha-mandala is traversed by the sun in one day on an average 
or near equator Radius of the disc being 1 6‘ 

elements have direct connection with Vedanga Jyotisa of Lagadha. The epoch of 
Vasistha-siddhanta is 3rd Dec. A.D. 499, although there existed another VaSistha- 
siddhanta at the time of Sphujidhvaja (around A.D. 70) The Vcdistha-siddhanta of 
Pancasiddhantika belongs to a later version of the same under the name Va&istha- 
samasa-siddhanta. This was an abridged version of the same as is evident from its 
name 

The Romaka-siddhanta was commented upon by Latadeva. The epoch adopted in 
this text is the Sun-set at Yavanapura (Alexandria) on 21st March A.D. 505 Its ele- 
ments like the use of sun-set epoch, tropical year, Hipparchus' Metomc cycle, compu- 
tational methods etc. indicate without any doubt its Hellenistic ongin 
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The Pautea-siddhanta has methodology of Babylonian and Greek astronomy with 
strong influence of Indian traditional concepts. There seems to be no way to sort out 
the original Pautea-siddhanta The Surya-siddhanta of Pahca-siddhantika was 
compiled by Litadeva. He gave rules for computing ahargaria (number of days from 
an epoch) and methods of calculating solar eclipse etc. The system adopted here is 
the ardharatnka (mid-night) system of time reckoning and the epoch of this siddhanta 
is the midnight of Avanti, 20/21st March A.D 505 There is evidence of an earlier 
Surya-siddhanta which used somewhat different parameters for mean motions of 
the Moon, Rahu (ascending node of the lunar orbit) and candrocca (lunar apogee) 13 
etc There is no doubt that the Surya-siddhanta was considered to be the most 
accurate Its parameters were corrected and additions made in later centuries The 
final version which we have today is much different from its version in 
Pahcasiddhantikd. In fact, this belongs to the 9th or 10th century A D or even to a 
later date as is evident if one plots the errors in mean positions of planets against 
years over centuries. 14 A caution may be given in conclusions based on such methods 
as adopted by us and also in the ones adopted by David Pingree and others that it 
were the true positions and not mean ones which were observed and mean positions 
were fitted as dhruvakas (constant mean positions for the epoch) using the inequali- 
ties and the allied formulae adopted in those texts. Thus the mean positions com- 
puted by using modern accurate figures, even if these tally with the reports, may not 
prove the hypothesis concerning the epoch of the text. One should compute the true 
position ephemeride accordng to the texts in question, over centuries and also com- 
pute the ephemerides according to the most accurate data and inequalities of mod- 
ern theories to get the true positions observable at those times Wherever the two 
ephemerides give the best fit data observable, can be taken to be the epoch Here 
allowance is to be made for observational errors or personal equations keeping in 
view the old observations to be the unaided eye records Sometimes, a least square 
fit in data may also be necessary to eliminate the effects due to errors, and allow- 
ances for instrumental errors and the conditions under which those old observations 
were recorded are to be made. 15 Thus the epochs claimed on the basis of analytical 
computations using modern adopted figures only can not be taken with a gram of salt 
unless categorically mentioned in the text itself. Thus some of the claims are to be 
rechecked and do not stand as a final verdict Whatever the dates of these siddhantas 
may be, these are earlier than 6th century A.D or so (i e before Aryabhata) Some of 
these may even go back to earlier dates 

THREE IMPORTANT SCHOOLS OF SIDDHANTIC ASTRONOMY 

Afterthe advent of siddhlntic astronomy (as evidenced from Pahcasiddhantikd) three 
important siddhantas (sometimes named as tantras) came into being over a period of 
about 500 years or so. These got into use in calendar making and in predicting 
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astronomical phenomena throughout the country. These are Aryabhata- siddhanta 
(due to Aryabhata, A D. 499), Brahma-siddhanta (due to Brahmagupta), Siirya- 
siddhanta (the latest version attributed to Asura Maya). These schools prevailed over 
centuries and are surviving even now in Pahcanga making (in preparation of religious 
Hindu calendars) in the country. There were teacher precept traditions in these schools 
which developed the formulations of the respective theoretical disciplines and went 
on advancing in theory keeping intact the basic constants and concepts of their re- 
spective schools Many theoretical texts evolved in these traditions. These were called 
'siddhantas' (theoretical treatises) while the texts giving only the simple algorithms 
(without proofs) for computing planetary positions, eclipses, cusps of the Moon, heliacal 
rising and setting and other astronomical phenomena were called karanas (means of 
practical work out of ephemerides and calendars) These were based on one or the 
other of the three schools of astronomy It may be remarked that the school oiSurya- 
siddhanta became the most widespread and is thought to be the most accurate of 
the three as it was improved and additions were made upto 10th century A.D. or even 
later. Earlier it was a Sayana school (with spring equinox as zero longitude), but when 
the tropical samkrantis (transits of Sun in tropical signs) showed much deviation with 
respect to the fixed zero of ecliptic, it accommodated the ayariam&a (angle of preces- 
sion of equinox) given by Munjala.This siddhanta is even now used in northern, east- 
ern and western parts of the country and also got accepted in neighbouring countries 
like Nepal, Burma, Tibet, Bhutan, Ceylon and also in far off countries, where Hindus 
and Buddhists made their way and settled. The Brahma-siddhanta is used in some 
parts of Rajasthan and Madhya Pradesh and survives even now in somewhat re- 
formed version due to an astronomer Candu (about 500 years ago) who prepared 
good tables for computing calendars. The Aryabhata-siddhanta, the oldest of the 
three is still in use in southern parts of India (in Vakya karanas which are the karanas 
based on simple algorithmic sentences (vakyas) making use of constants of Aryabhatiya 
tradition). It may be remarked that in later centuries, there evolved some other schools 
too with some variations in formulations, bija samskaras etd , like Bhaskaracarya's etc 
These had their teacher-disciple tradition {guru-iisya-parampara ) over centuries, and 
got into use in calendar making and in computing astronomical phenomena, heliacal 
rising, eclipses etc., but in general only the three schools prevailed. Here we discuss 
the siddhantic texts of these three schools one by one in brief 

Aryabhata-siddhanta 

Aryabhata prepared his epoch-making treatise Aryabhatiya (A.D 1 499) There was 
another Aryabhata II who wrote Arya-siddhanta Sometimes the Aryabhatiya is re- 
ferred to as the f i rstArya-siddhanta It has mainly two parts 18 , Dasagitika and Aryasta- 
sata The first one has 10 slokas in Giti meter and deals with system of depicting 
numbers by symbols used for brevity in the body of the text and for the constants like 
bhaganas (number of revolutions of planets in a kalpa) etc. The length of solar year 
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adopted in this text is 365 days 1 5 ghatis 31 palas 1 5 vipalas The number of yugas 
in a kalpa (Brahma’s day) is 72 and not 71 as in other treatises There are no sandhis 
after every beginning and end of a manvantara in this treatise. 

The part after Daiagitika consists of Gamta-pada, Kalakriya-pada and Gola-pada 
The first one deals with pure mathematical formulae, on squares, cubes, roots, cir- 
cles, algebra and indeterminate equations. The Kalakriya-pada discusses the 
units of time, conjunction of planets, vyatipata (equality of declinations), anomalistic 
and synodic periods, Jovian era, intercalary months, lord of day, mean position and 
equation of centre etc Gola-pada discusses armillary sphere, position of ecliptic, 
position of living beings on the earth, increase and decrease in the size of the earth in 
a kalpa, rotation of earth, vertical circle, rising of signs, eclipses etc. 

This text is very brief. It does not discuss many topics as done in later treatises For 
example, it is lacking in methods of computing cusps of the Moon, conjunction of plan- 
ets, tithis, naksatras, yogas and karanas and does not give latitudes and longitudes 
of stars. There are no algorithms for computing heliacal rising and setting of planets 
and conjunctions etc. 

It is interesting to note that this treatise has given the notion of daily rotation of earth 
Later astronomers like Brahmagupta and others have cnticized this notion. Brahmagupta 
argues, how the birds can come home after full day flying in the skies? In fact, Aryabhata 
was ahead of his times in giving this idea of rotation of the earth The earlier and later 
astronomers lingered on to the old concept of Pravaha vayu (air) thought to be respon- 
sible for rotation of heavens once in a day. 

Brahma-sphuta-siddhanta 

It was wntten by Brahmagupta (A D. 628). The text 17 deals with mean and true posi- 
tions of planets, problems of direction, time and space, lunar and solar eclipses, 
heliacal rising and setting of planets, cusps of Moon, shadow of Moon, conjunctions 
of planets and stars, criticisms of other tantras (siddhantas), arithmetic problems on 
mean and true positions, indeterminate equations, algebraic equations, gnomomcs, 
permutation and combination in meters, celestial sphere, instruments and some al- 
gorithms for fast computations in Dhyanagrahopade&adhyaya , 18 

in fact, the section on constructing meters ( chandas ) using permutation and combi- 
nation is the obsecure part of the text. It is not decodable because of grammatical 
mistakes in copying over centuries, and also partly due to the inconsistencies in 
mathematical formulations arising because of these mistakes. It may be possible to 
decode it if one tries all possibilities of correcting versions grammatically and at the 
same time checking the versions thus corrected for mathematical consistencies In 
al-Blrunl's India there is discussion on Brahmagupta's work on meters The subject 
was not clear even to al-Blrunl at that time. 
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It may be noted that Brahmagupta did not believe in the precession of the equinoxes 
and criticized Visnucandra who advocated the theory of processional motion. So the 
Brahma-sphuta-siddhanta has tropical longitudes. In feet, at that time the angle of 
precession was quite small 

Brahmagupta wrote another treatise Khanda-khddyaka. In its first part, he has given 
constants like those in the Aryabhatiya and in the second part he has given correc- 
tions to improve upon the results from part I (which are just those of Aryabhata) to 
make them tally with observations. This had to be done by Brahmagupta because 
Arya-Siddhanta had much popularity at that time and the scholars could not dis- 
pense with the methods of this work at least in Brahmagupta’s time Brahmagupta 
was a great critic. He criticized Aryabhata's works on various astronomical topics 
especially on the computation of parallax for solar eclipses etc. Brahmagupta's work 
got much popularity and appreciation by the time of Bhaskaracarya and even earlier 
Al-BTrunT and Bhaskara held Brahmagupta in high esteem. There were written two 
karanagranthas based or\ Brahma-sphuta-siddhanta upto Bhaskaracarya (A D 1 1 50) 
In the 1 5th century Candu (an astronomer) prepared tables on the basis of this siddhanta 
which are still used in Rajasthan and Madhya Pradesh by some traditional pancanga- 
makers. 

Surya-siddhanta 

The third important school is that of Surya-siddhanta The author is Maylsura. As 
already pointed out it is much different from the Surya-siddhanta of Pahca- 
siddhantika. It has 14 chapters and deals with mean and true positions (on the basis 
of epicyclic theory) and problems of space, time and direction, lunar and solar eclipses, 
diagramatical representation of eclipse phenomenon, conjunctions of planets and 
stars, polar longitudes and latitudes of stars, cusps of Moon, heliacal rising and set- 
ting, instruments, geography, celestial sphere etc. The year-length adopted is 365 
days 1 Sghatis 31 palas and 30 vipalas. It allows only one equation of centre each for 
Sun and Moon and two equations of centre for other planets as in other treatises 

The text has reference to ayariam&a (angle of precession) while Arya-siddhanta and 
Brahma-siddhanta did not use this at all. It may be remarked that in fact the relevant 
algorithms for computing ayariam&a were added to this text later. We have discussed 
this point in the section on ayanamia. Munjala gave ayanam&a for the first time when 
it was about over6p or so (Bhaskaracarya clarified this point that the same was given 
by Munjala). It was not at all noticed by scholars of the calibre of Brahmagupta and 
Aryabhata, being small in their times In fact before the introduction of ayandmsa, 
there might have been chaos in deciding the dates of samkrantis (transits of Sun). 
Whatever be the situation at the time, the introduction otayanamsa in Surya-siddhanta 
on the basis of Munjala's notion as expounded in Laghumanasa, proved to be a big 
shelter for the whole edifice of nirayana system of solar year reckoning and the 
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astrology based on this system Even though ayanamia came into use, the year 
length was taken to be the same without any distinction between sidereal and tropical 
years over many centuries as the theory of trepidation of equinoxes got accepted in 
the algorithms for computing ayanamSa as given in Surya-siddhanta This point is 
discussed in the section on ayanamia 

This school got much popularity Many karanas were written on the basis of this 
treatise, like Grahalaghava Makaranda-sarani etc , which were used for com- 
puting pancangas and astronomical phenomena over many centuries in all parts of 
India. 

Besides these three siddhantas, there were other treatises too, like Mah abhaska nya 
of Bhaskara I (7th century A D.), Lalla'S Sisyadhi-vrddhida tantra 19 , Munjala's 
Laghumanasa (10th century A D.), Siddhanta-hromam of Bhaskaracarya II (A D 
1150), Siddhanta-sarvabhauma of Munlsvara (early 17th century AD), Siddhanta- 
tattva-viveka of Kamalakara-Bhatta (A.D. 1 656 ), Siddhanta-darpana of Candrasekhara 
Samanta (19th century A D.) of Orissa, etc 

Munjala's treatise is known for introducing ayanamsa in calendric computations. This 
treatise ( Laghumanasa ) is also famous for giving an evection-like term in lunar theory 
which is a hybrid of evection and the first equation of centre. The amplitude of the 
evection term as given by him is quite correct. The texts like Munisvara's Siddhanta- 
sarvabhauma and Siddhanta-tattva-viveka of Kamalakara too are based on Surya- 
siddhdnta, but have their own advancements in the methods of computations and in 
developments of better formulae in various aspects of astronomical phenomena. The 
Siddhanta-hromani of Bhaskara II has unique features in the theory of indeterminate 
equations in advancing kuttaka- (pulverizer) formulations, and also in 2nd degree 
indeterminate equations, especially in giving the advanced caferaua/a -technique (1 st 
given by Jayadeva).The theories of indeterminate equations were used by Bhaskaracarya 
in astronomical problems like in repetition of certain configurations of planets etc. 
Bhaskaracarya gave the detailed ideas about laws of gravitation of earth in his 
Siddhdnta-siromani . He wrote a karanagrantha also under the name Karana- 
kutuhala. He was also making constant efforts to improve the accuracy in the predic- 
tion of longitude of Moon and after having done daily observations of Moon over a 
long period, he wrote Bijopanaya (emperical corrections) giving sinusoidal empirical 
corrections to the longitude of Moon. The relevant formulae are just additive and 
subtractive constants varying with specific arguments The arguments are these days 
realized on the basis of perturbation theory, but due to intermixing of many sinusoidal 
functions and lack of Fourier-like analysis, his attempts did not result in clear-cut 
identification of fortnightly variation, annual variation and evection functions. In fact, 
Bhaskara missed evection, as he observed Moon in specific positions where the same 
was zero, and he did not use the same on the mere authority of Munjala.This resulted 
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in the failure of the analysis. 20 Candrasekhara Samanta of Orissa (19th century 
AD) was an orthodox scholar of Indian astronomy. Samanta was not at all ac- 
quainted with the developments in the west He devised some instruments and deter- 
mined lunar inequalities independently. He gave annual variation for the longitude of 
Moon 21 

In the seventeenth century A D Pandita Jagannatha Samrat under the patronage of Jai 
Singh Sawai wrote down Samrat Siddhanta and translated the Almagest of Ptolemy 
in Sanskrit under the name Siddhanta Samrat 22 It has 13 chapters and 140 sec- 
tions with 196 diagrams. Jai Singh Sawai with the help of Pt.jagannatha could 
erect five observatories It may be remarked that in the works of Jai Singh Sawai and 
Pandita Jagannatha the lunar theory advanced, more eccentric corrections and bet- 
ter constants for amplitudes were formulated Jai Singh Sawai's tables ( zij ) for 
computations of Sun, Moon, planets and pahcangas deserve special attention. The 
tables like Vedhopayogi Saranis (tables yielding observable positions for Moon etc.) 
are preserved in the library of his observatory in Jaipur On analysis, the tables can 
furnish lot of information about developments in lunar theory and Sun’s equations of 
centre, etc 


KARANAGRANTHAS AND SARANIS 

Siddhantic texts are theoretical treatises which give formulae with their proofs or ex- 
planations for computing ephemerides, pahcangas and astronomical phenomena. In 
these computations they use very big numbers as their epoch, usually the day of 
beginning of creation (according to the treatise) or Brahma's day. The number of days 
elapsed since the date of creation is a very large figure (much larger than the Julian 
day number) The velocities of planets, nodes and apogees etc. too are given over 
Kalpa (Brahma's day, usually 432 xIO 7 years) Thus, it is clear that the figures in- 
volved in computations, using siddhantic formulae, are very big and this renders the 
calculations very much cumbersome The followers of siddhantic schools, although 
adhering to the basic constants of the treatise of their respective schools, wanted to 
simplify the computations and moreover, for actual operations, they needed ready- 
made formulae to fasten their calculations. This need gave rise to karana-granthas 
which were intended to facilitate the calculations. Usually these have the following 
salient features . 

(1 ) Unlike siddhlntic texts, these use laghu ahargana (smaller number of days) from 
the epoch of compilation of th ekarana. For the beginning date of the epoch, they 
provide the mean positions of planets and oribital elements and mean tithis, 
naksatras etc (called dhruvakas ) in tabulated forms. For computing the 
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functions on any later (or earlier) day, the velocities of functions (planetary veloci- 
ties in computation of their longitudes) are given. These are called ksepakas 
Usually these are given over a convenient cycle of 18 years or 19 years etc., or 
even over one year in which case the yearly dhruvakas are computed on the 
beginning day of every year. The Grahalaghava uses 1 4 years cycle with 444 §aka 
era epoch. For computing every day planetary ephemerides, tithis, nak§atras 
etc. the daily speeds of the functions are used For example, in computing daily 
pancanga elements, the daily mean velocities of tithis, naksatras etc are used 
and then corrections due to equations of centre are applied The Makaranda ta- 
bles use such techniques for computing pancanga elements, making use of mean 
motions of Sun and Moon and the equations of centres of the Surya-siddhanta 
school. 

(2) In order to provide convenient formulae in algorithmic form without going into the 
details of the proofs etc. they use approximations in reducing formulae to sim- 
plest possible form without much loss of accuracy in approximations. For exam- 
ple, a bigger fraction may be reduced to simple form using continued fractions 
and terminating them at an appropriate stage Sometimes, these are reduced to 
partial fractions to provide simple fractions with single denominators and frac- 
tions thereof, as additives or subtractives. Such techniques are used by GaneSa 
Daivajna in his Grahalaghava. Sometimes even the sine functions are dispensed 
with Under some approximations. Grahalaghava stands at the top in such treat- 
ments. Surprisingly enough its author did not use trigonometric functions as such, 
but gave the inequalities as additives or subtractives, after every (specific con- 
venient) intervals for which simple ratio proportional interpolation is possible. 

(3) Sometimes, karanas use empirical corrections in mean functions in orderto have 
their results tallying with observations (no doubt the basic constants of thesiddhlntic 
texts were retained as such). The Rajamrganka, Makaranda and Grahalaghava 
applied empirical corrections in positions of planets but in none of the karanas 
any empirical corrections was applied to the longitude of the Sun. It is only the 
karanas of the 20th century like Marathi grahagamtam etc. by V. B. Ketakara 
which used corrected mean elements for Sun. 

(4) Siddhantic texts usually do not provide tables fo r computations (except some trigo- 
nometnc functions etc. tabulated in some cases) On the contrary, karanas or 
saranls try to provide necessary tables for quick computations. The sarams have 
required elements tabulated against respective arguments. All the theoretical 
computations are already done in preparing the tables and for the user, only 
some simple anthmetic is left to get the final results. 
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SOME KARANAGRANTHAS BASED ON THREE PRINCIPAL SIDDHANTAS 

The Vedic and Vedanga astronomy made use of five-year yuga system. Even in the 
Pancasiddhantika, we findyugas of small spans only. Moreover, the algorithms used 
in pre-siddhantic astronomy were very simple. So no need was felt for prepairing 
karana-granthas in those times. It is only after the advent of siddhantic astronomy by 
Aryabhata that need was felt to prepare karana-granthas in order to avoid big figures, 
arising from the use oimahdyuga, kalpa etc in ahargana.\Ne do not have records of 
early karana-granthas. But in the case of Brahmasphuta-siddhanta, we find two 
karaims 23 even before Bhaskaracarya. One of them used no empirical corrections in 
the results from Brahma-siddhanta, while the second one, Rajamrganka by Bhoja, 
used bija corrections in order to rectify the errors in mean positions accumulated over 
centuries. As mentioned earlier, astronomer Candu (16th century AD.) prepared 
saranis which are still being used by some pahcahga makers. Bhiskaracarya wrote a 
karana text Karanas -kutuhala based on the constants of his treatise and wrote a 
separate booklet on sinusoidal empirical corrections in order to rectify the position of 
Moon It may be remarked that the empirical corrections (except in mean positions in 
some cases) were not approved for siddhantas because in these theoretical texts only 
the corrections which had mathematical justification were allowed. So, in general, 
empirical corrections (specially sinusoidally varying blja corrections) were not used 
in siddhantas The karanas used the corrections as temporary improvements for 
getting results tallying with observations. There are available karanas based on Arya- 
siddhanta too, like Vakya-karana by Sundara Raja 24 of southern India. There is an- 
other karana-grantha, Cdru-Candra Vdkyam which is used for getting longitude of 
Moon.These karanas are based on Aryabhata-siddhanta and give simple sentences 
which help in fast computations. The simple algorithms are put in simple sentences 
(vakyas, that is why the name vakya-karanas) which are very easy to remember. 
Sometimes, the sentences are very interesting having two meanings - astronomical 
and cultural 25 It may be remarked that these texts have corrections to the position of 
Moon which are hybrids of lunar inequalities. 26 These vakya-karanas are used in 
preparing pahcahga in southern part of India 

There are many karana-granthas based on the S urya-siddhdnta Th eGraha-ldghava 
of GaneSa Daivajna (A.D. 1522) is famous among all these because of its simple 
algorithms and much simplified versions of complicated formulae As already pointed 
out it has avoided the use of trigonometric functions as such and provided the ele- 
ments at certain intervals of their arguments, which work quite well yielding satisfac- 
tory results. GaneSa Daivaj'na himself has cautioned that in future his algorithms might 
give wrong results due to accumulation of errors with the lapse of time; in that case 
correction should be applied after having verified the results with the help of instru- 
ments and thereby changing the arguments of the functions in accordance with ob- 
servations. There are tables based on the Surya-siddhdnta too. Makaranda's tables 
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(A D 1478) are used for computing pancanga elements and were popular for over 3 
centuries or so. These tables too have applied blja corrections in planetary positions, 
except in the case of the Sun Besides these there are many other karana-granthas 
based on Surya-siddhanta The earliest one is Karanatilaka of Vijaya-nandi 27 That 
of Babllal Kochanna (A D 1 298 ), Bhatatulya karana (A D 1 41 7). Suryatulaya karana 
(A D 1523), Grahakautuka-karana (A.D 1496), Bhasvati-karana (A D. 1520) and 
many more were written in later centuries. 

This tradition of preparing karana-granthas and tables was upheld by Kero Laksmana 
Chhatre (19th century AD) and later astronomers of Indian tradition Chhatre pre- 
pared tables for computing planetary positions using modern data. V B Ketakara 
prepared Jyotirganitam (A.D 1898), an epoch-making karana type work with many 
tables provided for easy computations and used modern formulae based on gravita- 
tional perturbation theory In the last half of 19th century a number of people rectified 
pancanga elements by applying eccentric inequalities in case of Sun and Moon 
Ketakara also wrote Marathi grahaganitam which provided many tables for calcula- 
tions oi pancanga elements and planetary positions Also there \sKetaki grahaganitam 
by V B. Ketakara wntten in the style of Graha-laghava 

In recent years too, there are karana-granthas produced by some scholars, e g. 
Karaim-kalpalata by K L Daftari (1976) and Sarvananda-ldghavam by G S Apte. 
G. S. Apte wrote also another karana, Darvananda karana, again in the style of 
Grahalaghava, just improving the latter to get results tallying with observation. This 
text adopted Sayana system of planetary longitudes There are also tables prepared 
by various almanac makers like Brhat-siddha-kheti by Raja Ram Sharma. Besides 
these we find scattered materials like tables of naksatras of unequal spans as stated 
by Bhaskara Also there are tables for computing lagnas (ascendants) etc There is 
another text Grahamala which can yield rough planetary positions and their 
retrogressions, risings and settings etc. for any past or future years. These are ready 
reckoner tables based on bigger cycles of planets with respect to the Sun. Thus a 
prodigious amount of literature in various aspects of astronomy in Indian tradition 
was produced even in the present century. 

NOTES AND REFERENCES 

1 Brhaspatih prathamam Jayamanah Tisyam Nakfatram abhisambhabhuva (Taittiriya Samhita 31 5 & Tdndya 
BrShmana). 

2 “Conjunction of Jupiter with 8 Canon" by S D Sharma, paper reported in History of Science Con- 
gress in Edinburgh, Scotland, (U. K ), 1977, accepted with revision of diagram for I JHS % 31 (3), 
1996 

3 It may be pointed out that only this date has supportfrom internal evidences within the text of V J The 
linguistics based and other evidences have very little value The report of winter solstice in the 
beginning of Havana astensm is a naked eye report of this date This is the actual happening reported 
and a back calculated date when the rate of precession was not known The text belongs definitely to 
about 14th or 15th century B C in the old oral (Zmti) tradition 
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4 Brhat samhita and Bhadrabahu Samhita have separate chapters on kinematics of different planets, 
comets and meteors In addition to these, scattered materials are available in the Putinas, Mahabharata 
and other Sanskrit literature 

5 Bhadrabahu Samhita, Chapter 7 

6 “Mathematical Analysis of Post-VedSnga Pre-SiddhSntic data in Jaina Astronomy * Ph D thesis by S S 
Lishk under the supervision of S D Sharma, Punjabi University, Patiala (1977), published in 1979 

7 "Halley's comet— past and recent apparitions', paper by S D Sharma presented in the Astronomical 
Society of India Conference held in Bombay (Nov 1 984) 

8 "Mathematical analysis of Post-vedanga Pre-SiddhSntic data in Jaina Astronomy", Ph D thesis by S S 
Lishk under the guidence of Dr S D Sharma of Punjabi University, Patiala The Jama Canonical text 
Surya-prajnapti is shown to belong to 2nd century B C The contents belong to these dates This fact 
has also been claimed in commentary on Suryaprajhapti by S D Sharma (in Sanskrit & English) 

9 Btihmasphuta-siddhanta 

10 Sharma (SD) (2), 33-38 

1 1 Commentary onSurya prajnapti by Malayagiri, Prabharta-1 Prabhrta-Prabhrta-2 

12 Neugebauerand Pingree, Introduction, 12-13 

13 Neugebauerand Pingree, Introduction 1 2 

14 Such plots using mean and true positions were prepared for proving the modernity of the present 
version oiSurya-siddhanta by the author using computer programs in order to report in£a striya Pahcanga 
Mimamsa One can also verify the claim easily by using Kannu Pillars ephemensm and other modern 
theoretical ephemendes of past centuries 

15 Here we give two examples of too far stretched problems 

(a) David Pingree gave a hypothesis in which he tried to prove Vedanga Jyotisa to be of Babylonian 
ongin, on the basis of the ratio 3 2 of maximum to minimum length of the day adopted in this text 
But if allowance is made for recording time using clepsydra, the application of Bernoulli's or Poncelli's 
theorem for change of rate of flow of water under gravitonal pressure, one can easily conclude that 
the text belongs to Ujjaini Hence Prof Pingree's hypothesis is very questionable (Sharma and 
Lishk, 165-176) 

(b) In the case of Bljopanaya by BhSskaracarya, t s Kuppanna SJstri tried to prove this to be a forgery 
because the text has errors, but by taking into consideration, the expenmental arrangements and 
the points of lunar orbit where BhaskarscSrya made his observations, one can believe that such 
confusing results were natural One can easily see the genuineness of the text (see Sastriya 

Pahcanga Mimamsa) 

16 Dikshit (S B ) (4), 267 

17 Btihmasphuta-siddhanta 

18 This chapter (or text) was not available to S B Dikshit (See Bharatiya Jyotisa) (Hindi), page 301 

19 Sisyadhi-viddhida-tantra 

20 For details, see tiSstriya Pahcanga Mimamsa by S D Sharma and P V Sharma 

21 For details see BhSjratiya Jyotisa by S B Dikshit 

22 Siddhanta Samrat by Jagannath 

23 Dikshit (SB) Bharatiya Jyotisa (Hindi), 31 0 

24 Vakya-karanam with the commentary by Sundar RSja 

25 CSru Candra Vakyam and vskya-karana have very interesting sentences, with astronomical meanings 
as well as other meanings connected with the social life of people 

26 Sastriya Pahcanga Mimamsa chapter on "Blja-samsk3ras" 

27 Edited by Dr Bloch and Syed Samad Hussain Rizvi of Pakistan 



g THE YUGA SYSTEM AND THE COMPUTATIONS 

OF MEAN AND TRUE PLANETARY 

LONGITUDES 

ARKA SOMAYAJI 


YUGA SYSTEM 
INTRODUCTION 

We find the mention of the Yuga system not only in the Indian astronomical works but 
also in the Pauranic literature. It is now difficult to trace whether the astronomical 
works of India borrowed the Yaga-concept from the Puranas, or whether the latter 
from the former. We shall first note the details of the Yuga-system, as is now in 
vogue, in the light of the information given in the most important astronomical works 
It may be mentioned that this word Yuga appears even in many places in th eRgveda 
(1-158-6). 

We are told that we are now in Kahyuga which began at the mid-night of Lanka, 
between the 17th and 18th February 3102 B.C.The duration of this Kaliyuga is given 
to be 432,000 solar years .Dvaparayuga which preceded this Kahyuga, is reported to 
have the duration of bNoKahyugas The Tretdyuga, which preceded th eDvapara was 
equal to three Kaliyugas in duration and the Krtayuga, otherwise called Satyayuga, 
which preceded the Treta, was equal to four Kaliyugas in duration These iouryugas, 
Krta, Treta, Dvapara and Kali, are often called Yuga-padas, or the quarters of their 
sum, called yuga, otherwise called MahSyuga.Vnus a Mahayuga is equal to 4 + 3 + 
2 + 1 = 10 Kaliyugas in duration = 4320,000 solar years The Surya-siddhanta uses 
the word yuga for Mahayuga \ The same Surya-siddhanta says in another breath, 
" asmn krtayugasyanta sarve madhyagatah grahah “ 2 thus speaking Krta again as 
yuga. Let us call these Krta etc , as yugas, and the sum of the four namely Krta, 
Treta, Dvapara and Kali as a Mahayuga to avoid equivocation. Then a Mahayuga 
consists of 43,20,000 solar years Seventyone Mahayugas are reported to constitute 
a Manvantara or duration of a Manu's reign. Fourteen Manvantaras constitute what 
is called a Kalpa. The Surya-siddhanta says . “A Kalpa is the day-time of a day of 
Brahma, the Creator, and the night is also of the same duration." 3 The Cosmic 
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manifestation is reported to last during the day-time, and to be withdrawn or annihi- 
lated during the night time. 

Further, we are told that there will be what are called, Sandhis in between two 
Manvantaras each equal to aKrtayuga in duration, which is equal to four Kahyugas 
or i.e. j of a Mahayuga. Since there will be fifteen such Sandhis among the 
fourteen Manvantaras , the duration of these fifteen Sandhis put together is equal to 
15 x j =6 Mahayugas 

Thus the Kalpa is equal to 14 x 71 + 6 = 1000 Mahayugas = 4,320,000,000 solar 
years. 

Before we go into the rationale of all this, it is better to know the other nomenclature 
used in this context. The Surya-siddhanta speaks of what is called a Divyabda, or an 
year of the gods of the heavens equal to 360 of our solar years, our one year equalling 
a day of theirs It is interesting to note that Hindu mythology reports that gods (by 
'gods' it should not be misinterpreted that the Hindus were that primitive as to postu- 
late the existence of many gods As per Hindu philosophy, there is the godhead, a 
supra consciousness or Intelligence otherwise called Brahman, which is the architect 
of this universe. This Brahman, (note that it is in neuter gender), while creating is 
called Brahma (masculine gender), while sustaining the universe Visnu, and while 
annihilating the universe Rudra. Though this Godhead, i.e. the Brahman is one, we 
are told that there is a hierarchy of Gods, inferior to this Brahman, besides such 
celestial species like Gandharvas, Kinnaras, Kimpurusas etc., all of whom may be deemed 
to correspond to the so-called angels spoken of in the English literature These gods 
are reported to reside on the Meru mount, which we may identify as the north-pole 
There, we have a perpetual day equal to six-months and a perpetual night equal to six 
months, so that one day there is equal to one year. The word Suralaya which is a 
synonym of the Meru means that it is the abode of such gods. 

Thus, one year of ours, equalling one day of gods, 360 years of men constitute an 
year of gods, which is the reason why they are called Dwyabdas, oryears of gods We 
cannot help here going into the Hindu mythology, to ©(pound the Yi^a-system, though 
ultimately the Yaga-system is astronomical in concept. A mention is made of this 
Divyabda because Surya-siddhanta has used it. Incidentally, it may be mentioned 
here, that a day on the Moon is roughly equal to a lunation, otherwise called 
Candramasa We are told that for the Manes, who are reported to reside on the 
Moon, a lunation of men is equal to a day. This is all by the bye. 

Here and now, it may be mentioned that as per Aryabhata, Lalla, and VateSvara, who 
are reported to constitute the Kerala school of astronomers, the four Yuga-padas 
namely Krta, Treta, Dvapara and Kali are of equal duration. This is the reason why 
Brahmagupta criticized Aryabhata for having said so, against the canons of Smrtis. 
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Indeed there seems to have been two schools of astronomy in anciejit India, the first 
consisting of Brahmagupta, SrTpati and Bhaskara etc and the other Aryabhata, Lalla, 
Vatesvara and others The Surya-siddhanta belongs to the former school, the name 
of the author not being known as against the orthodox tradition, which claims that a 
deputy of the Sun taught Maya this siddhanta at the end of the Krta Yuga There is 
another Aryabhata, who may be termed Aryabhata II, who was the author of one Maha- 
siddhanta. M.M. Sudhakara Dwivedi makes out that the author of the Surya-siddhanta 
lived between Aryabhata I and Aryabhata II Incidentally, it may be mentioned that there 
was also Bhaskara I who wrote a commentary on the work of Aryabhata I 

The rationale behind the statement that 71 Mahayuga constitute a Manvantarn is not 
traceable The number 71 is indeed a peculiar number. At present, we are told that we 
are under what is called Sveta Varahakalpa Therein, six Manvantams had elapsed 
and we are now under what is termed the duration of Vaivasvata Manvantarn In this 
Manvantara, twenty-seven Mahayugas lapsed away and we are now under the 28th 
Mahayuga The three Yagas - Krta, Treta and Dvapara also lapsed away Under the 
present Kahyuga , 5083 years lapsed by 26-3-1 982 as per the Ccindra Mana reckon- 
ing, and by 14-4-1982 as per the Saura-Mana reckoning 

Bhaskara (hereafter Bhaskara means Bhaskara II) says that 1,97,29,47,179 years had 
elapsed by the beginning of the Salivahana Saka, the zero point of time as per the 
siddhanta calculations which occurred after the lapse of 3179 years from the begin- 
ning of this Kaliyuga, as per the details cited above. Here it must be pointed out that, 
whereas the Surya-siddhanta mentions that creation of the stars, planets began 
after the lapse of 47400 Dwyabdas or 47400 x 360 years, after the beginning of the 
Kalpa, Brahmagupta, SrTpati and Bhaskara mention that creation started from the be- 
ginning Of the Kalpa 

Bhaskara quotes the Surya-siddhanta saying that the equinoctial points recede at the 
rate of 30,000 revolutions in a Kalpa. In as much as this rate comes to 9“ per year, 
which is far less than 50“, the approximate rate of precession, and inasmuch as the 
Surya-siddhanta which was incorporated by Varahamihira in his Pahcasiddhantika 
does not mention precession at all, it must be deemed that Bhiskara had the present 
Surya-siddhanta in his hands but read only the verse Tnmsat-Krtvo yuge bhdnam 
cakram prak parilambate. This indicates that the latter verses in this context, which 
make out that the rate of precession per year was 54", postulating the libration theory 
(i.e. the theory that the equinoctial points do not process secularly, but oscillate about 
the zero-point of the zodiac, i.e the beginnig of AsvinT to an amplitude of 27° on either 
side) were interpolated. 

Brahmagupta was a great mathematician, whom therefore two great astronomers Sri pati 
and Bhaskara followed. These three were mathematically rational astronomers. The 
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very fact that, when the Surya-siddhanta was already extant in the times of SrTpati 
and Bhaskara, they still chose to write fresh works of their own, signifies that 
Surya-siddhanta did not enjoy the same popularity among the orthodox Hindus, as it 
enjoys now This is really curious 


RATIONALE OF THE YUGA SYSTEM 

Before reading into the rationale of the Yuga-system we have got to look at the data 
given by the various astronomers with respect to the number of sidereal revolutions of 
the planets in a Kalpa etc The following tables give those data, in addition to the 
modern data taken from Ball's Spherical Astronomy 


Table 6 1 Number of sidereal revolutions of planets and planetary points in a Kalpa 


Modern Aryabhata, Khandakhadyaka 

Surya-siddhanta Bhaskara and Maha-bhaskarlya 


Sun 

4320000000 

4320000000 

4320000000 

Moon 

57753336000 

57753300000 

57753336000 

Mars 

2296832000 

2296828522 

2296824000 

Mercury 

17937060000 

17936998984 

17937020000 

Jupiter 

364220000 

364226455 

364224000 

Venus 

7022376000 

7022389492 

7022388000 

Saturn 

Moon's 

146568000 

146567298 

146564000 

Apogee 

Moon's 

488203000 

488105858 

488219000 

Node 

232238000 

232311168 

232226000 


Table 6 2 Number of civil days, lunar days, omitted lunar days, diurnal revolu- 
tions of stars etc in a Kalpa 




According to 
Surya-siddhanta 

According to 
Bhaskara 

(a) 

Number of civil days in a Kalpa 

1577917828000 

1577916450000 

(b) 

Number olAdhikamasas in 

1593336000 

1593300000 


a Kalpa 



(c) 

Number of Ksayahas in a Kalpa 

25082252000 

25082550000 

W) 

Diurnai revolutions of stars 

1582237828000 

1582236450000 

(e) 

Tithis in a Kalpa 

1603000080000 

1602999000000 
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Table 6.3 : Daily mean motions of planets 


Brahmagupta 
SrTpati and Bhaskara 



0 

1 

It 

m 

mi 

Sun 

0 

59 

8 

10 

21 

Moon 

13 

10 

34 

53 

0 

Mars 

0 

31 

26 

28 

7 

Mercury 

4 

5 

32 

18 

28 

Jupiter 

O' 

4 

59 

9 

9 

Venus 

1 

36 

7 

44 

35 

Saturn 

0 

2 

0 

22 

51 

Moon's Apogee 

0 

6 

40 

53 

56 

Moon's Node 

0 

3 

10 

48 

20 


Table 6.4 Elements of the Solar System Epoch 1900 (from Ball's Astronomy) 


Name of 

Planet 

Semi-ma|or Sidereal Mean 

axis (Orbit Period Daily 

of earth = Unity) Mean Motion 

Solar Day 

Longitude 

of 

Perihelion 

Longitude 

of 

Ascending 

Node 

Inclina- 
tion of 

Orbit 

Eccen- 

tricity 

Mercury 

03870986 

87.96926 

4°5'32 4" 

75°53'59" 

47°8'45" 

7°0'10" 

0 205614 

Venus 

07233315 

224 7008 

1 °36' 7 7" 

130°9'50" 

75°46'47" 

3°23'37" 

0 006821 

Earth 

1000000 

365.2564 

59'8.2" 

101°13'15" 

8°0'0" 

0°0'0" 

0.016751 

Mars 

1 523688 

686 9797 

31 '26 5" 

334° 13*7" 

48°47‘9" 

1°51'1" 

0 093309 

Jupiter 

5202803 

4332588 

4'59 1" 

12°36'20" 

99°26'42" 

1°18'42" 

0 048254 

Saturn 

9.538844 

1075920 

2'0.5" 

90°48'32" 

112°47'12" 

2°29'39" 

0 056061 


We see a good divergence with respect to the sidereal revolutions and some other 
items, pertinent to our context. Why was there such difference, we have got to inves- 
tigate The argument may be given as follows 

The ancient Hindu astronomers could find the mean motions of the planets with suf- 
ficient accuracy though they did not have the modern instruments like the telescope 
etc. But one point must be clearly noted. Knowing those mean daily motions, and the 
positions of those planets at their respective times, each of the great astronomers calcu- 
lated back, as to whem all the planets should have been at the Hindu zero point of the 
ecliptic. It may be mentioned here, that the Hindu zero point of the ecliptic is not the 
position of the equinoctial point, but the beginning point of the asterism AlwinT, which 
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is now identified as £, Piscium Ranganatha (birth date about A.D 1573), a commen- 
tator of the Surya-siddhanta said that the zero point of the ecliptic was 1 0' behind 
this % Piscium Other astronomers did not specify where it was, probably because it 
was popularly known in their times Unfortunately we are not in a position now to 
known which was exactly their zero point 

The present-day Hindu astronomers are of two kinds (1 ) those who are competent to 
teach the majortexts like Aryabhatiya, Surya-siddhanta and Siddhanta-Siromam of 
Bhaskara, with proofs, and (2) those who compute pancangas only basing on works 
called karana-granthas Those karana-granthas are manuals which simplify the 
siddhantas and give easier procedures to compute the planetary positions taking the 
starting point not from the beginning of the Kalpa nor even from the beginning of the 
Kaliyuga, as prescribed by the Siddhantas, but from their recent epochs, which 
facilitated computation It is unfortunate that neither of these categories of scholars 
namely those who teach the siddhanta texts, nor those who compute pancangas today 
are in the habit of observing the planetary positions The second category oipahcanga- 
computers, whose number is thousand-fold the number of the former category, are 
ignorant of the rationale fo the siddhantas They learn just the method of computation 
only This is why Hindu astronomy fell long ago on evil days, creative activity having 
been already defunct This is by the bye 

SrTpati and Bhaskara took their data regarding the sidereal revolutions of planets etc. 
from Brahmagupta. Brahmagupta says - Brahmoktam grahagamtam mahata kalena 
khillbhutam abhidhiyate shutam tat jisnusuta brahmaguptena, i.e. inasmuch as the 
ancient Brahma Siddhanta got obsolete, I am now rectifying it. Siddhantas are prone 
to grow obsolete because of two important reasons : (1) the presumption that at the 
beginning of Kalpa all the planets with their_aphelia and nodes were situated at the 
Hindu zero-point of the ecliptic; and (2) the mean daily motions as taken by the 
siddhantas could not be expected to be as accurate as it should be. On these two 
counts it was but natural that the computed positions of the planets could not accord 
with their observed positions. Hence new siddhlntas came to be written, which gave 
results which held good at their times But again, these were bound to grow obsolete 
because of the same two reasons cited above 

In this context, one point must be stated. The Hindu astronomical texts construed that 
the Sun, Moon, Rahu and Ketu, the latter two being the nodes of lunar orbit are also 
planets along with the five planets Mercury, Venus, Mars, Jupiter and Saturn These 
latter five are of course planets as per modern astronomy, whereas calling the Sun, 
Moon, Rahu and Ketu as planets may sound odd to modem astronomers. But what 
the Hindu astronomers meant by the word grahas (now talked of as planets) was that 
the Sun, Moon, Rahu and Ketu also had astrological influence on the fates of men as 
per the etymological significance of the word graha. The planets Uranus, Neptune 
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and Pluto not observable by the naked eye came to be discovered during recent times 
and as such did not receive mention in the Hindu astronomical texts 

Now let us seek the rationale of th eyuga system. It is easy to see that a Kalpa is the 
period in which all the planets, with their nodes and aphelia, make an integral number 
of revolutions with respect to the stars. This period was therefore computed, by the 
Hindu astronomers, noting their mean daily motions, and their positions at a particu- 
lar time It was therefore an extrapolation. We can take it that Brahmagupta who was 
indeed a great mathematician did this extrapolation §rj pati and Bhaskara indeed quote 
his name with reverence in the words - Krti jayatijisiiujo ganakacakra-cuddmamh - 
i e "Brahmagupta excels, as the head-worn gem of all astronomers" So also does 
Srlpati 4 We can take it that Aryabhata also did that extrapolation 

In this context, the question arises, as to how the ancient Hindu astronomers were 
able to get the period of a sidereal revolution of Saturn, to a tolerable accuracy, 
inasmuch as one sidereal revolution of Saturn is nearly 2972 years The doubt may 
arise because, to obtain the duration of one sidereal revolution, many of such revolu- 
tions must have been observed This doubt need not be there, because the ancient 

Hindu astronomers knew the formula 77- - -s' = 4 - though not in this form, where Y 

Y r b 

stands for the length of an year, P for the duration of the planet's sidereal revolution, 
and S for the synodic period of that planet all in mean solar days. Since Y and S 
which are small penods, could be observed accurately andP could be calculated to a 
good amount of accuracy. 

Y , i.e the number of mean solar days in solar year could be observed accurately as 
follows as was mentioned first by Aryabhata and later by Bhaskara We are directed to 
erect a vertical Sanku, 1 e a gnomon on a plane This sanku is divided into twelve 
equal parts called angulas. Draw a circle with a radius equal to the length of the 
§anku\ draw the east-west line through the foot of the ianku. Bhaskara gives the 
method of drawing this east-west line correctly, which was primarily given by one 
Caturvedacarya, a commentator of Khanda-khadyaka and later reiterated by Srlpati 
who preceded Bhaskara This Khanda-khadyaka is reported to be written by 
Brahmagupta, but this report is subject to doubt because Brahmagupta criticized 
Aryabhata right and left and the interpretation given by M. M Sudhakara Dvivedi that 
though Brahmagupta happened to criticize Aryabhata in h is Brahmasphuta-siddhanta , 
changed his mind later on account of the overwhelming popularity of Aryabhata, and 
as such chose to write a manual to accord wthAryabhatiyam. On close examination 
of the data of Brahma-sphuta-siddhanta and Khanda-khadyaka, it will be found that 
somebody wrote this Khanda-khadyaka and foisted it on Brahmagupta to enhance 
the credit of Aryabhata. 
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To draw the east-west line, we are asked to note the point in the morning on the 
circumference of the circle drawn with the foot of the gnomon as centre, when the 
shadow of the gnomon equals the radius of that circle Again we are asked to mark 
the point on the circumference in the afternoon, when the shadow equals the radius 
of the circle The line drawn parallel to the joint of these two points through the foot of 
the gnomon is the rough east-west line It is rough because, the declination of the 
Sun will have changed in between the two points of observation A correction was 
prescribed to rectify this, which goes by the name olagrantara correction The amont 
of correction is given to be 

K a (sin 5) . , 

angulas, 

COS 0 

where A (sin 8) is the variation of the sine of the declination of the Sun between the 
two moments K is equal to \(12 2 + s 2 ) where s is the length of the shadow, and 4> is 
the latitude of the place 5 We are asked to shift the point pertaining to the afternoon 
observation on the circumference, when the shadow equals the radius of the circle 
towards that direction in which the Sun is having motion in declination, i e towards 
north between December 23rd and June 22nd and south between June 22nd and 
December 23rd 

Now we are asked to note the point roughly about December 23rd, when the Sun's 
declination equals the obliquity of the ecliptic It may happen in between two days and 
the fraction of a day can be roughly obtained After one year lapses away, again, the 
point is to be noted about 23rd December. The interval in between these two points of 
time is the length of a solar year (of course tropical) Observations were carried for a 
number of years like that and their average gave the actual lengths of the year. Hindu 
astronomers took the obliquity to be 24° Now it is 23° 27' At Brahmagupta's time it 
should have been greater than 23° 30' since this obliquity has been decreasing. It is 
noteworthy, that the Hindu mean solar year is just 3 25 minutes of time more than the 
value given by modern astronomy. The length of a lunation, on the other hand, was 
computed by noting the time in between two lunar or solar eclipses and dividing that 
interval by the number of lunations in between Thus it is also noteworthy that the 
length of a lunation was also obtained to a great nicety indeed Since the formula was 

known to the Hindu astronomers, = 4-, where P is the length of the sidereal 

X r o 

month and S the length of a lunation, P could be obtained very accurately. It was 
possible to obtain the value of P also by direct observation, so that stnkmg an average 
it was possible to get the values off and S very accurately with respect to the Moon 

Similarly noting the intervals between two heliacal settings or risings of planets, and 
also by direct observation the sidereal periods of Mercury and Venus could be 
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obtained. With respect to Mars, Jupiter and Saturn whose sidereal periods are far 
greater, their synodic periods, i.e. the interval between two heliacal risings or settings 
gave a correct value of the sidereal periods using the formula : 

1 1 1 

Y P ~ S 

Having thus obtained the sidereal periods of all the planets with sufficient accuracy, 
their L.C M , so to say, was computed to obtain the period in which an integral number 
of sidereal revolutions were contained. In the first place, Aryabhata obtained the L C M. 
i.e the period in which all the planets made an integral number of revolutions as 
Mahayuga equal to 4,320,000 years Thereafter Brahmagupta obtained the period of 
a Kalpa as that period in which Sun, Moon, Mars, Mercury, Jupiter Venus, Saturn, 
Moon's spogee, and Moon's node made an integral number of revolutions, thus ef- 
fecting a change in the number of sidereal revolutions as given by Aryabhata It is 
easy to see that Brahmagupta effected this change because the planetary positions 
computed did not accord with the observed positions. It was after all a period of one 
hundred years in between Aryabhata's date of composition namely, A D 499 and that 
of Brahmagupta's date of composition A.D 598. The small divergences perceived 
between the computed positions and observed positions made Brahmagupta seek 
the larger period of a Kalpa in which the planets made an integral number of revolu- 
tions He computed this period of Kalpa and changed the numbers of sidereal revolu- 
tions so as to effect accordance between the computed and observed positions at this 
time. But, it will be noted that the fundamental presumption that the planets must 
have started at the Hindu zero point of the zodiac either in the beginning of aMahayuga 
as thought by Aryabhata or at the beginning of th e Kalpa as construed by Brahmagupta 
is open to debate. In the light of modern astronomical data, this presumption stands 
questioned * 

In conclusion, on account of such a presumption as cited above, as well as a little 
roughness which could not but be there (on account of lack of instruments which we 
have today) in the lengths of the sidereal periods of the planets, Hindu astronomers 
went on moving in a vicious circle, writing new texts to effect accordance between the 
computed and observed positions However, we cannot but give them the credit due 
to them for having persevered diligently for centuries and keeping up the light 
burning This creative activity went on upto the time of Krsna Daivajna who is reported 
to be born in A.D 1 565 as per M.M. Sudhakara Dvivedi, and who was the court pandit 
of Jahangir. This great mathematician gave us the muhurta prescribed by him for the 
coronation of Shahajahan. He wrote a commentary on Bhaskara's Bijagamta under 
the caption Navankura which exhibits his genius. At the end of the commentary, he 
wrote a verse which means “Oh' God! Thou alone knowest what stress land strain I 
have undergone in writing this commentary on Bhlskara's Bijagamta. Hence I 
dedicate this to thee alone and to no mortal, however great he may be". 

* However, it may be added that if Jean's theory about the formation of the planetary system were 
correct, all the planets should have been in a line at the time of their formation 
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COMPUTATION OF MEAN LONGITUDES OF THE PLANETS 

Ancient Hindu astronomers (for example Bhaskara) gave the mean positions of the 
planets at the beginning of the Kaliyuga at the mid-night between 17th and 18th 
February 31 02 B.C. or at the sunrise on 1 8th February, which held good for the Lanka 
meridian This Lanka, reported to be the capital of Ravana is situated on the terrestrial 
equator This Lanka meridian was taken to be the primary mendian by the Hindu 
astronomers and was termed bhumadhyarekha Nowadays, it is to be noted that this 
word bhumadhyarekha is applied to the terrestrial equator In Hindu astronomy the 
name for the equator is mraksa rekha, i e. the line on which the aksa or latitude is 
zero. The Lanka meridian is reported by Bhaskara to be passing though Ujjain, Kuruksetra 
and the north-pole 8 Ujjain has been famous from time immemonal (Kalidasa de- 
scribes this Ujjain in his famous kavya Meghasandesa). It lies on the meridian 75° 
east of Greenwich. The latitude and longitude of Lanka are therefore 0°, 75° respec- 
tively Since this spot is now deep in the Indian ocean, it is not possible to know, 
whether this is a mythological or imaginary place or whether the ocean was not there 
in the distant past (geology says that the ocean also has changing beds). Even today, 
it is noteworthy that the /jaracanga-computers calculate the mean positions of the 
planets for this Lanka-meridian and thereafter effect the correction called desantara 
to obtain the mean positions for their respective places on any day. The Surya- 
siddhanta also directs us to calculate the mean positions first for Lanka at midnight 7 
It $lso says that the week-day begins at the mid-night of this Lanka-meridian 8 Aryabhata, 
however, directed that the mean longitudes be computed either forthe midnight or for 
the Sun-rise at Lanka. On this count, Brahmagupta criticized Aryabhata for giving two 
systems. 

Since computations of the mean planetary positions taking their data at the beginning 
of the Kaliyuga is very laborious, later on karana-granthas came to be written, which 
may be called manuals for the purpose of easy computation, giving us the mean 
positions at their respective days. Astronomical treatises which prescnbe computatuion 
from the beginning of the Kalpa, the extrapolated date, when all the planets, their 
orbital nodes and aphelia all were supposed to have zero longitude are called 
siddhantas, those which prescribe computation from the beginning of Kaliyuga are 
called tantras, whereas those works of recent ongin (these are hundred-fold in number) 
which prescribe computation from their recent respective dates are known askarana 
granthas.The karana grantha Tithi-cakra, based on Surya-siddhcinta, which has 
been in vogue in the Andhra Pradesh for the last 571 years, was written by one 
Narasimha, who belonged to a village named Naupurl or Vadapalli in the Godavary 
delta called KonasTma. He prescribes computations of the mean positions from the 
noon of the first day of the 1 333 Salivahana Saka (A. D. 1 41 1 ), as per the Candramana 



172 


HISTORY OF ASTRONOMY IN INDIA 


or lum-solar reckoning. It is interesting to note his beginning verses which report that 
one Mallikarjuna wrote a work called Tithi-cakra long before him, probably prior to 
A D 1000 (even before Bhaskara's time) which had been in vogue, but got obsolete 
Hence, he said that he was writing a fresh karana-grantha, bringing it into accord 
with the Surya-siddhanta. Since our present Surya-siddhanta which is now very 
popular, was not so popular in about A D. 1000 (for otherwise Srlpati and Bhaskara 
would not have wntten their monumental treatises) it may be surmised that, the karana- 
grantha of Mallikarjuna Suri was not based on the present Surya-siddhanta but per- 
haps on some other Siddhanta possibly th e Surya-siddhanta contained in Varlhamihira's 
Pahca-siddhantika. One word about the so called "obsoleteness" of a karana-grantha 
is not out of place here. Since karana-granthas are but manuals intended for easy 
computation, they cannot but use approximations. These approximations go in course 
of time beyond the limits of negligibility, so that fresh Karana-granthas had got to be 
written again An example here will clarify the case in point We have what is called a 
leap year, in which we add a day to February, which means that we construe that the 
year consists of 365.25 days. This convention of the leap year therefore grows obso- 
lete in course of time, so that we are obliged to make another convention that A.D 
2000 will be a leap year, but A.D 21 00 or A D 2200 or A.D 2300 will not be leap year 
though they are all divisible by four as per the leap-year convention. So is the case 
with respect to the obsoleteness of karana-granthas This is all by the bye. 

To compute the mean planetary positions say at the noon of the first day of this 
Salivahana Saka year 1 904 as per the candramana we have to note here that the 
major Hindu astronomical works used Salivahana Saka, not Vikrama Saka, which is in 
vogue in north India, and also used candramana, not the sauramana, which is in 
vogue in Tamil Nadu, Kerala etc. By the major siddhantas, we mean (1 )Aryabhatiyam 
(2) PahcasiddKantikd of Varahamihira, (3) Lalla's Sisyadhivrddhidam, (4) Brahma- 
sputa-siddhanta, (5) SrTpati's Siddhanta-sekhara, and (6) Bhaskara's Siddhanta- 
iiromani In between Brahmagupta and Srlpati, there was however another great 
astronomer named Munjala (A D. 932), whom BhSskara quotes as having given the 
correct rate of secular precession not the libration theory postulated in the Surya- 
siddhanta. 

All the above-cited siddhanta treatises give the following procedure to obtain the mean 
positions of the planets at anytime. Let us illustrate the procedure basing on Narasimha's 
Tithircakra cited above, which gave the mean planetary positions on the 1st day of 
the candramana Saka year of 1333 (i.e. A.D. 1411). On this behalf, we have got to 
calculate the number of days elapsed after the above date up to the 1st day of this 
Salivahana year 1 904 (A.D. 1 982) as per candramana. 
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I step - To calculate the months elapsed between first day of Saka year 1 333 and first 
day of Saka year 1904 

1904 
- 1333 
571 

x 12 

6852 

0 months elapsed during this Saka year of 1 904 

6852 months elapsed after 1333 Saka year 

II Step - To calculate the adhikamasas, which occurred in between 1333 and 1904 
Saka years 

6852 248) 20556 (82 

x 3 220 remainder 

20556 
+ 82 
+ ] 5 _ 

98) 20653 (21 0 Required number of adhikamasas 

73 remainder 

III Step - To find the tithis elapsed from the 1st day of 1333 Saka to the first day of 
1 904 Saka year 


6852 

solar months 

+ 210 

adhikamasas 

7062 

candramasas 

X 30 


211860 

tithis 

+ 1 

first tithis of 1 904 Saka year 

211861 



IV step- To compute what are called ksayahas 

708)211861 (299 

169 remainder 

211861 
+ 299 

64) 21 21 60 (331 5 No. of ksayahas 

0 remainder 

V step - To obtain the number of civil days or what are called sdvamhas in between 
the 1st days of 1333 Saka year and 1 904 Saka year. 

211861 

- 3315 ksayahas to be subtracted from tithis. 


208546 
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VI step - To ascertain the truth, divide by 7, and seek the remainder to fix the week- 
day. 

7) 208546 (29792 

2 remainder 

But we are directed to count from Wednesday, which was the 1st day of 1333 Saka 
year, which means that we have by the above remainder 2, Thursday But since the 
1 st day of 1 904$aka candramana year happens to be Friday, we are permitted to add 
(or subtract) one only, no more to adjust to the week day So, we add one to obtain 
Friday, so that the number of civil days, which have elapsed in between the two dates 
IS 208546 + 1 = 208547. 

NOTE •- In the proximity of the occurrence of another adhikamasa, also, we are asked to be 
careful If the number oiadhikamasas does not correspond to actuality, in the face of the adhikamasa, 
we are permitted to add one and get the correct number of adhikamasas 

One may wonder, what the rationale behind this procedure is to obtain the number of 
civil days which have elapsed between the two epochs Today, we are aware of the 
Julian days, so that had we known the Julian days corresponding to the two epochs, 
this laborious process could have been avoided. But since the finding of the Julian day 
of the 1st day of 1 333 Salivahana Saka candramana year is equally difficult, we cannot 
but follow the procedure indicated above Had the two epochs been solar, we could 
have easily multiplied the number of years 571 by 365.25875 as per Aryabhata's year 
or by 365.25844 as per Brahmagupta, SrTpati and Bhaskara.Today we know the lengths 
of the sidereal year to be 365 256362 and the tropical year to be 365.2421 955 

The rationale behind the computation of the number of civil days between two epochs 
is a long story, but we have got to note it, to understand our Hindu astronmical works 
We know that the concept of the lapse of an year arises to a man of the world by 
recurrence of seasons which happens in accordance with the tropical year Similarly 
the concept of the lapse of a month in olden days, when the modern system of dating 
was not in vogue, arose out of the recurrence of full-moon days, or new-moon days. 
It will be noted here that even today the illiterate men of our country in villages go by 
these full-moon days or new-moon days only, to understand the lapse of the month 
The interval between the moments of two consecutive full-moons or two consecutive 
new-moons, is called a lunation. It need not be added that the moment of full-moon is 
when the Moon has exactly an elongation of 1 80° and that the moment of new-moon, 
when the elongation of the Moon is 360°, i e. when the Moon is in conjunction with the 
Sun.The correct length of a lunation as per Modern astronomy is 29.5305881 days It 
is noteworthy that this length is given to be 29.5305879 in Surya-siddhanta which is 
correct to six places of decimals. On the other hand the length of a lunation as given 
by Brahmagupta, and followed (unwittingly) by SrTpati and Bhaskara, is not so correct. 
This means that the author of Surya-siddhanta did improve upon Brahmagupta's 
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data, though he was not such a mathematician as Brahmagupta SrTpati and Bhaskara 
who were good mathematicians, were tempted to follow Brahmagupta, because the 
latter was a great mathematician It will be noted further, that the Surya-siddhanta, 
apart from its more correct data, betrays lack of depth in other matters, where Bhaskara 
exhibited his genius This is by the bye. 

Coming to the point, the problem on hand is to find the number of civil days which had 
elapsed between the first day of 1 333 Saka year and that of the present 1 904 Saka In 
the first place, we note that the number of years which had elapsed is 571 But are 
these purely solar years 7 No, because, though the intercalation of adhikamasas, 
went on effecting an accordance between the cdndramana and sauramana, after 
the last intercalation, again there has been a divergence between the two. Hence the 
number 571 is not exactly equal to the number of solar years, but a little different. 
Nonetheless we are asked to multiply the number 571 by 12 to get the number of 
solar months Thus we get the number 6852 Then we are asked to add the number of 
lunar months to this. Since, we have chosen the epoch namely the first day of the 
Saka year 1904, no lunations have elapsed Suppose we add a few lunar months to 
the number 6852 Does this not mean a jumbling of matters ? No ; because, solarity 
so to say, has been secured upto the last intercalation of an adhikamasas, and con- 
struing a few lunations added to a big number of solar months does not affect our 
procedure intended to calculate the number of adhikamasas. Now the procedure 
given by Narasimha to obtain the number of adhikamasas amounts to saying that the 

Oy cocp/ , 1 \ . A C 

adhikamasas in 6852 months (mostly solar but just a few lunar) = — ■— 

9o 

Here evidently H is the fraction of adhikamasas accrued upto the first day of Saka 
year, so that 6852 (3 + ^)/98 gives us the number of adhikamasas in 6852 solar 
months The rationale of this may be given as follows Our ancient Hindu astronomers 
were conversant with continued fractions as will be seen from Bhaskara's Bijagamta. 
Hence taking the data from Surya-siddhanta which says that there are 1593336 
adhikamasas in 51 840000 solar months or what is the same 66389 adhikamSsas in 

66389 

21 60000 solar months converting — — — ? — into a continued fraction, we have 

2160000 


— + — — - — — — — — so that the convergents are 
32 1+1+6+ 1+ 1+ 


J 1 2 13 15 

32 ’ 33’ 65 * 423’ 487’' 


Since we know the convergents are alternately greater and smaller than the actual 
fraction, which is converted into continued fraction, what the ancient Hindu 
astronomers did was to add the numerators to form the numerator and add the 
denominators to form the denominator of two successive convergents, which will 
give a closer approximation to the actual fraction. Thus framing a convergent out of 
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the convergents ^-and-^-we have jg nearer to the fraction But by taking -Jg- 
as the convergent the error committed was sought to to be rectified Now going back 

66389 

to the original fraction ------ — and considering the difference between it and 

2160000 98 


taken, we have 


66389 

2160000 


3 

98 


26122 

98x2160000 


68389 3 26122 3 3 

2160000 98 + 98 x 2160000 98 + 98 x 6480000 

26122 


- 4r * islar = ~k ( 1 + isr ) «• ««“ *»■ 9e * in s * e number °< 

adhikamasas, we are directed to add them, i.e 21 0 to the number of elapsed months 
6852, so that the lunations elapsed are 7062 In this context, there is one more idea. 
As per the convention that a lunation which does not contain a samkranti (transit of 
the Sun from one Rasi to another Rasi, where the Rasis are Mesa, Vrsabha etc) it so 
happens that occasionally two samkrantis may occur in the three longer lunar months 
like Kartika, Margaslrsa and Pausa. Another convention is therefore necessitated and 
the convention now made is, that the lunar month is called a ksayamasa, when two 
samkrantis occur in a lunation. When such a ksaya month occurs, two lunar months 
are deemed to lapse away in one lunar month. For example let Pausa be the lunar 
month in which two samkrantis occur (this was indeed the case during last 1 904 §aka 
year) Then by convention we are directed to call this ksaya month as yugalibhuta- 
pausa-magha masa, which means that the lunar month Magha is also deemed to 
lapse away simultaneously In the forenoon Pausa masa is supposed to be current and 
in the afternoon Magha for ritualistic purposes. In other words, Pausa will be running 
from the previous mid-night up to the noon and Magha masa current from the noon to 
the next mid-night. This ksaya masa is otherwise called amhaspatimasa Then the 
question arises whether we should not subtract this ksaya masa, when we are 
directed to add the adhikamasas to the solar months. The answer is not necessary. 
The reason is, that when such a ksaya month occurs it is preceded and followed by an 
adhikamasa during the course of one solar year This happens so because, when the 
candramdna overtakes Vnesauramana, by one lunation, an adhikamasa must occur. 
In this context Bhaskara says, that when the accrued difference between the lum-solar 
reckoning which is called adhimasa-iesa, at the beginning of the Saka year amounts 
to 21 days, during the first five lunations following, the luni-solar reckoning is bound to 
overtake the solar by the remaining nine days, so that the candramana will have 
overtaken the sauramana by a lunation. Thus during the sixth month, i.e. Bhadrapada 
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there will not be a samkranti Hence by convention it is called an adhikamasa Under 
such circumstances, a samkranti will have occurred on the last day of Sravana, and 
the next samkranti will have occurred on the first day of ASvayuja. The month in 
between namely Bhadrapada does not therefore carry a samkranti and as such is 
called an adhikamasa But the subsequent months, if not Asvayuja, the next three 
lunar months being longer than the corresponding solar months, because then, the 
Sun, being near the perigee, will be moving fast, and will be covering the 30° of the 
solar month in lesser time, which means that the solar month will be shorter than the 
lunar month.Then since a samkranti has taken place just on the first day of ASvayuja, 
then either in Kartika, or in Margaslrsa, or at the latest in Pausa, which three lunar 
months are longer than the corresponding solar months, two samkrantis are bound 
to occur (Ref Fig below) 

Sravana g Bhadrapada ft Asvayuja y Kartika 5 MargasTra e Pausa <{> Magha 
A B C 5 E F G 

Note that BC is Bhadrapada, does not cary a samkranti, hence Bhadrapada is made 
an adhikamasa AB = Sravana, BC - Bhadrapada, CD = Asvayuja, DE = Kartika, EF = 
MargasTra, FG = Pausa 

a, p, y , 5, e, <|> are samkrantis Note that two samkrantis occur in Pausa. There is the 
possibility that these two samkrantis may occur even in MargasTra or even in KIrtika 
Again within one year, since two samkrantis have occured in Pausa, the latter lunations 
Magha, Phalguna, Caitra, Vaisakha, Jyaistha and Asadha have the least chances and 
Sravana onward are gradually smaller than the corresponding solar months, one of 
these latter lunations stand to loose a samkranti, and as such becomes another 
adhikamasa. 

Since a convention was made that if a lunar month did not contain a samkranti, it 
should be called an adhikamasa, another convention was called for, when two 
samkrantis occurred in one lunar month. The convention made was, that such a 
month be called a ksayamasa Now, the adhikamasa which occurred in Bhadrapada, 
occurred so because the candramana has overtaken the sauramana by one lunation 
But on account of the second convention, a lunar month is now suppressed in the 
name of a ksayamasa. So the lunar month gained is lost now. But as per calculations, 
the candramana reckoning did gain one lunar month over the solar. So another sub- 
sequent lunar month is bound to be devoid of a samkranti, so that, we must have an 
adhikamasa again occurring after the ksayamasa. The former adhikamasa which 
occurs in Bhadrapada is called samsarpa mdsa in contradistinction to the appellation 
adhikamasa, and the second adhikamasa occurnng after the ksayamasa is termed 
as the regular adhikamasa. In this context, it is worth noting that VneKrsna Yajurveda 
speaks of this phenomenon of the ksayamasa, and the preceding adhikamasa* signi- 
fying that the process of intercalation is as old as the Veda. This should disabuse the 
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minds of those that Hindu astronomy was crude by the time of the Vedanga Jyotisa 
(in this context the reader is referred to the introduction of the author in his English 
commentary on Bhaskara's Siddhanta-6iroma.ni published by the Kendriya Sanskrit 
Vidyapitha, Tirupati) 


The mathematics in the context of these adhika-and ksayamasas runs as follows We 
take the data from Bhaskara He says that 1 ,593,300,000 adhikamasas occur in a 
kalpa of 4,320,000,000 years or what is the same 531 1 adhikamasa in 1 4400 solar 


_ _ 14400 

years Coverting 

5311 


into a continued fraction we have 


2, 11 1111 
1 + 2 + 2 + 6 + 1 + 1 + 

The successive convergents are 

2 3 8 19 122 141 

1 ’ 1 ’ 3 ’ 7 ’ 45 ’ 52 

Let us see what these convergents signify. The convergent j means that roughly 
speaking there are 7 adhikamasas during 1 9 years. This ratio was adopted in the 
Romaka siddhanta of Pahca-siddhantika. It means that 19x12 = 228 solar months 
are equal to 235 lunations The Metonic cycle described in modern astronomy is 
based on this equivalence. Given the English date we can calculate the tithi as per 
this equivalence very approximately. In verse 7 under adhimasa mrnaya, 
Gamtddhydya, Bhaskara mentions that the ksaya months may occur in 19 years or 
122 years or 141 years These may be seen from the next convergents cited above 
The interval between a new-moon and the next samkranti goes by the nam eiudhi It 
is the interval gained by the ca.ndrama.na over the sauramana. Hence if this year, this 
sudhi happens to be 21 days, as mentioned by Bhaskara, there is the possibility of the 
same amount ofiudhi occuring after 1 9 years or 122 years or 141 years respectively 
more closely In this context, it will be noted that since SrTpati was the first astrono- 
mer so far as we know, who made a mention of ksayamasa, some modern interpret- 
ers construed that the observance of ksayamasa came into vogue only after SrTpati 
This is not correct, in the light of Krsna Yajurveda text cited. Observance of the 
ksayamasa and adhikamasa therefore is as old as the Veda. Simply because Vedanga 
Jyoti§a gives us a crude presentation of this phenomenon, most modern interpreters 
are prone to construe, that astronomy was not that crude in India in about 1 000 B .C. 
It must be remembered that substandard texts are being written even today, when 
high standard books are also being wntten. In this context the reader is referred to 
the Report of the Calendar Reform Committee (published by the Government of 
India in 1955) page 250, where the following para occurs : "It will be seen from the 
above table that according XoSurya-siddhanta calculations, one ksaya month occurs 

The fourteen lunations occuring in an year which carries a ksayamasa are enumerated in 1 -4-1 5 in Krsna 
Yajurveda Samhita as follows . 

Madhu = Caitra, Madkaba a Vaisakha, &ukra = Jyaistha, Suci as Asadha, Nabhas = Sravana, Nabhasya = 
Bhadrapada, Isa = Asvayuja, Urja = Kartika, Sahah = MargaSira, Sahasya = Pausa, Tapa as Magha, Tapasya = 
Phalguna, Samsarpa as the adhikamasa preceding the ksayamSsa, Amhasputi s= Ksayamasa 
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on average in 63 years In rare cases, they occur after 46, 65, 76, 122 years " The 
figures 63, 46, 76 are wrong, for the following reason. The Surya-siddhanta gives 
that 1 ,593,336 adhikamasas occur in 4,320,000 solar years or what is the same 
66389 adhikamasas occur in 180000 solar years. Converting 

180000 

6638Q into a continued fraction we have 

2 , 111111 

1 + 2 + 2 + 6 + 2+1 + 

_2 3 8 19 122 263 

1 ’ 1 ’ 3 ’ 7 ’ 45 ’ 97 

Hence a ksayamasa may occur in 1 9 years or 1 22 years or combining the corwergents 
7 and ’If adding the numerators to form the numerator and the denominators to form 
the denominator since such a convergent lies nearer the original fraction, we have 
so that as Bhaskara said, a ksaya month may occur even in 141 years On no 
account, could a ksayamasa occur in 46, 63, 65 and 76 years as reported by the 
Report of the Calendar Reform Committee In this context, it is interesting to note 
that GaneSa Daivajna spurred by Bhaskara's prediction of the occurrence of ksayamasa 
in the Saka years 1115, 1 256, 1 378 (Bhaskara also said that a ksayamasa had oc- 
curred in 974 Saka) also computed the years in which the ksayamasa would occur 
subsequent to his time The years given by him as per Surya-siddhanta are 1462, 
1 603, 1 744, _1 885, 21 67, 2232, 2372, 2392, 2524, 2533, 2655, 2674, 2796, 281 5, and 
that as per Aryabhatiyam 1482, 1793, 1904, 2129, 2186, 2251 all Saka years. It will 
be noted that in 1885 was observed a ksayamasa 

Bhaskara mentioned that after the lapse of 1 9 years (from 1 885) and during 1904 Saka 
year also, a ksayamasa is going to occur in the ensuing Pausa month. Ganesa pre- 
dicted this as per Aryabhatiyam. 

The above calculations, that one adhikamasa occurs in 32Vz solar months, and a 
lunation and a solar month do not differ much from each other, construing that the 
months obtained namely 6852 as purely solar though they are not so, for the purposes 
of calculating the adhikamasa are justifiable. After all, it must be noted that out of the 
6852 months, there will be just a few lunar months mixed up, which therefore does 
not matter. 

After thus getting the number of adhikamasas, which have elapsed we are asked to 
add them to the months 6852 to get the lunar months, which have elapsed Now we 
are asked to multiply these lunar months by 30 to get the tithis elapsed. Since the 
epoch we have chosen, is the first day of Saka Year 1 904, we are asked to add one to 

The author of this paper makes bold to point out that the Report betrays in many places, lack of touch 
with the Siddhanta texts 



180 


HISTORY OF ASTRONOMY IN INDIA 


this, so that we have 211861 as the tithis, which have elapsed The next step is to 
obtain what are called ksayahas, which have got to be subtracted from the tithis to 
give us the elapsed number of civil days from the 1st day of 1333 Saka 


Let us see now what these ksayahas are, and why we are asked to subtract them 
from the tithis to get the number of civil days It was already mentioned that a lunation 
contains 29.5305879 days as perSurya-siddhdnta i.e one tit hi corresponding nearly 
to one day, but falls short of a day by a fraction 47 roughly or .4694121 correctly 
Hence during a penod of 30 tithis there is a shortage of 4694121 days which means 
roughly that one tithi will be lost approximately in 64 days There is a convention that 
a day should be dated by the tithi which is current on that day at sunrise Suppose 
today a particular tithi da£ami is current at sunrise, but lasts just for a few moments 
Then the next tithi being shorter than a day may lapse away Thus tomorrow will be 
dated not by ekddaii but by dvadasl Thus we have lost the tithi ekadaii, which is 
therefore called a ksayaha. One such ksayaha occurs in a period of 64 tithis To 
compute these ksayahas accurately the procedure given by Narasimha in the fourth 
step as cited before, is to divide the tithis obtained namely 21 1 861 by 708, and add 
the quotient to 211861 and then divide it by 64 and take the quotient. The rationale 
here is as follows. As per Surya-siddhanta there are 1 603000080 tithis and 25082252 


ksayahas in a Mahayuga Hence converting into a continued fraction, 

1603000080 


we have the convergents -jr • wh ~™ 5 ' 


etc. A new convergent — — is formed 
7797 


taking differences of the numerators and denominators of the 3rd and 4th convergents 
which is supposed to be closer to the fraction than -g- If jc be the number of tithis, 


x x 122 
7797 


gives the number of ksayahas ■ but to avoid multiplication and division by 


large numbers, the short-cum adopted by Hindu astronomers is to find the difference 
of the convergents 

122 1 11 

7797 64 “ 64 x 7797 


122 1_ 11 1 / 1 \ 1 / 1 \ 

7797 = 64 + 64 x 7797 64 ' + 7797 ' 64 ' + 708' 

11 


as given by Narasjmha.This process virtually amounts to taking the convergent 
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but the procedure is rendered easier Thus getting the number of ksayahas from the 
tithis we have the required number of civil days We must not be satisfied by the 
number so got So, we are asked to divide by 7 and get the remainder The remainder 
got is two But the 1 st day of 1 333 Saka year was Wednesday So by this remainder, 
we get Thursday Since the first day of 1 904 Saka year is Friday, we have to add one to 
adjust the ahargana to the week day Adding or subtracting one is permissible be- 
cause we are introducing approximations. 

Thus far we have got the number of civil days which have elapsed from the 1 st day of 
1 333 Saka year to the 1 st day of Saka year 1 904 Since we are given the positions of 
the planets on the 1st day of 1333 Saka year by Narasimha, the next step is to get the 
motion of the planets during these 208847 days and add these motions to their posi- 
tions as given on the 1st day of 1333 Saka year 

However, we must note that the positions of the planets as given by Narasimha on the 
1st day of 1333 Saka year, are those pertaining to the Lanka mendian. For a mendian 
different from this a correction called desantara is to be effected in those positions 
either before computing the mean motion due to 208847 days and adding it to the 
mean positions given on the 1st day of 1333 Saka year or after getting the mean 
positions as on the 1st day of 1904 Saka year. It does not matter. 


The mean motion of a particular planet during an ahargana say x (here x = 208847) 
we have to proceed as follows. The Surya-siddhanta says in verse 55 Chapter 1 , 
x x RID gives the motion of the planet in x days, where R is the number of its sidereal 
revolutions in a Mahayuga and D is the number of days in a Mahayuga. Let us take 
the case of Saturn for example. The Surya-siddhanta says that Saturn makes 146568 
sidereal revolutions during the days of the Mahayuga namely 1577917828.The arc 


moved by Saturn in our ahargana of 208547 days is hence 


208547x146568 

1577917828 


This multiplication and division is laborious, so that easy procedures are generally 
given in the karanagranthas . In the case of the Moon, R = 57753336 so that it is 
indeed more laborious to effect the multiplication. Anyway the procedure is clear to 
obtain the mean motion of any planet from this formula taking the respective values of 
R m the case of each planet. Adding the mean motion of each planet during the 
course of the ahargana calculated, to its position as given in the karanagranthas , we 
get the mean planet for the midnight of Lanka as per Surya-siddhanta The number 
of revolutions can be clearly omitted, to note the planetary position on the zodiac, 
even as time is noted from a clock, ignoring the number of revolutions of the hour 
hand 

Hindu astronomers gave the inclinations of the planetary orbits to the ecliptic Yet, 
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since these inclinations are generally small, no account is taken with respect to the 
planets except in the case of the Moon, when a lunar eclipse or solar eclipse is to be 
computed In this case the latitude of the Moon will come into the picture 

Since the mean planetary positions are obtained for the Lanka meridian, we effect the 
desantara correction to obtain their positions for the midnight of the particular place 
at which its position is required. The next step will be therefore to compute the plan- 
etary position for the moment of the sun-rise at the place This entails finding the 
lengths of the day and night for the required moment 


CALCULATION OF AHARGANA AS PER SIDDHANTA SlROMANI 

The method of calculation of ahargana from the beginning of Kaliyuga upto 28-7- 
1984, i e Asadha Bahula Amavasya of this Raktaksi Samvatsara as per Siddhanta 
Siromam of Bhaskara II is explained as follows : 

The number of years elapsed Kaliyuga 5085 
5085 
12 


61020 

4 Add lunar months elapsed from Caitra 


61024 

Then as per Siddhanta Siromam, the number o\ adhikamasas in th eKaliyuga whose 
duration is 4,32000 years, i e 5184000 solar months is 159330 
The adhikamasas which elapsed from the beginning of Kali era is given by the pro- 
portion : 

5 1 84000 1 59330 6 1 002 . elapsed adhikamasas 


or elapsed adhikamasas = 
unity 


159330x61024 

5184000 


= 1 876 rounding up the fraction to 


Add these adhikamasas to the elapsed solar months 61024 (construing the four 
candramasas as solar does not affect our calculation) 

61024 

1876 


62900 candramasas 
30 


1887000 


Multiply by 30 to get tithis Elapsed tithis 
from the beginning of Kali 
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Now as per the same Siddhanta ISiromam, the number of ksayahas during the dura- 
tion of the Kaliyuga is 25082550 vthchKaliyuga has 1 602999000 tithis. Hence again 
by rule of three, if during 1602999000 tithis, we have 25082550 ksayahas, what 
number of ksayShas will be there during the course of 1887000 tithis ? 

The answer is 


25082550x1887000 
— — — - s 29526 

1602999000 

ignoring the small remainder 

Hence subtracting these tithiksayas from the tithis 1887000 we have 1857474. 
Dividing by 7, the reminder is 3. 

We are told that this Kaliyuga started on Friday, so that the day should be Sunday. 
But actually the day on 28.07.1984 was Saturday Since we are given the option to 
add or subtract unity if the ahargana does not accord with the name of the day, 
subtracting unity from the above, we have the required ahargana as 1857473. 

METHOD OF FINDING THE LENGTH OF THE DAY 

In modern astronomy we have the formula cos h = - tan <|> tan 8 to obtain the hour- 
angle h of the rising Sun for a place of latitude $ when the Sun has declination 8. 
When the Sun is in the northern hemisphere, 8 is positive. So far as India is con- 
cerned <|> is positive, so that when 8 is positive, since cos h is negative h will be 
greater than 90°. 

Let h = 90° + 0 so that cos (90° + 6) = - sin 0 = - tan $ tan 8 

Hence sin 0 = tan $ tan 8 (1 ) 



Fig. 6.1 : Determination of the length of the day 
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This 9 is the arc EA in Fig 6.1 where S is the rising 
Sun (when 8 is north) and is called earn in Hindu as- 
tronomy. For a given place <|> the latitude does not 
change, whereas 8 the declination of the Sun changes 
from day to day. In Hindu astronomy instead of speci- 
fying $ in degrees, what is calledpa/a6/ia is used This 
palabha is the shadow of a vertical gnomon divided 
into 12 units called angulas, at noon on the equinoctial 
day. On the equinoctial day at noon the Sun is at Q 
which is the point of intersection of the celestial equa- 
tor with the meridian From Fig 6 2, tan <)> = -% . This 
palabha is also given in the same units of angulas, so 
that if s = 4, tan <|> = ■— = 3333 so that <J> = 1 8° 25' 

Since the earn is added to 90°, when 8 is positive and subtracted from 90° when 8 is 
negative to obtain the rising hour angle of the Sun, which gives the length of the day, 
the question resolves itself into our finding the earn, for varying declinations only 
since <|> is constant for a place. We have the formula sin 8 = sin A, sin co where to, the 
obliquity of the ecliptic, is again constant. Since co was taken to be 24° by the Hindu 
astronomers, the formula is therefore. 

sin 8 = sin 24° sin X (2) 

But A, is measured along the ecliptic from the equinoctial point y. The Hindu longitude 
of the Sun is measured from the first point of AswmT, and the positive arc in between 
yand the Hindu Zero point gives what are caled ayanamsas The Hindu longitude is 
called the nimyana longitude and that measured form y is called the sayana longi- 
tude. Hence before we find 8 from formula (2), we have to add the ayanamias to the 
Hindu longitude of the Sun, to get X. 

Hindu astronomy uses what are called carakhajidas, taking the equinoctial shadow to 
be one angula, i.e. taking tan <|> = -L- Since sin 9 = tan 8 tan <|>, sin 9 = tan 8 x — for 

the palabha of one angula and sin 0 = tan 8 x for a palabha of s angulas. Taking 

co = 24°; (we may rectify the results taking the present value of co) following the same 
procedure for the values 30°, 60° and 90° for X, have 

sin 8, = sin 24° sin 30° (3) 

sin 8 2 * sin 24° sin 60° (4) 

8 3 is of course equal to 24° 

Taking logarithms 

Log sin 8, = 9.6990 + 9.6093 = 9.3083 
so that 8, = 11° 44‘ 


Z 



Fig. 6 1 . Determination of the 
palabha 
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Similarly, 5 2 = 20° 38' 

From (1 ) sin 0 = tan 5 tan <|> 

tan 11° 44' 1 

sin e i ^ . for tan <|> = for apalabha of 1 angula, and 

8, corresponding to X = 30°, being 11° 44'. 
o i . « tan 20° 38' 

Similarly, sin 0 2 = — , 0 2 corresponding to X = 60° and 


tan 24° 

sin e a = — - — corresponding to A, = 90°. 

Taking logarithms and proceeding as before, 0, = 59', 0 2 = 1° 48' and 0 3 = 2° 8' 

Converting degrees and minutes at the rate of 6' per vmadi (1 vinadi = 24" of time). 
We get • 

0 1 = 10 vinadis, 0 2 = 18 vmddis and 0 3 = 21 j vmadis. In other words 0 1 = 10; 

0 2 - 0, = 8 and 0 3 - 0 2 = 3y These 10, 8 and 3 j are called carakhandas 
corresponding to A, varying between 0° and 30° and varying between 30° and 60° and 
again between 60° and 90°. For a given place of equinoctial shadow s ahgulas, we 
have cara segments 10, 8 and 2 y multiplied by s. This proportionality is approximate 

tan 11° 44' 

because for formulae sin 0, = — etc, have not 0,, 0 2 , 0 3 on the left-hand 

side but sin 0 V sin 0 2 , sin 0 3 . 

Bhaskara gives in verse 49 of spastadhikara, that if s be three ahgulas, then the 
carakhandas are 30, 24 1 0, in vinadis. If it be required to find the carakhaiida for 
X = 44° (say) we are asked to proceed as we do with the interpolation formula given 
by him with respect to getting the values of sines in the name of bhogyakhanda 
sphutikarana. It is worth noting here that this bhogyakhanda sphutikarana was origi- 
nally given by Brahmagupta and his interpolation formula agrees with the quadratic 
interpolation formula given by Ball in his Spherical Astronomy on page 1 8 which has 
the form 

* . „ x lx- h) , 

t- r 0 + -j (y,-y 0 ) + — (y 2 - 2 ?i + ^) 

where y 0 ,y v y 2 are three consecutive values of the function of y, h is the constant 
difference of the arguments Then for any argument which is greater by * than the 
first argument, but less than the third argument, the above formula gives the required 
function The formal 'rule of three' is a linear interpolation formula, whereas the 
bhogyakhanda sphutikarana is a quardratic interpolation formula 
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Adding the cara vmadis to 1 5 nadis when 8 is positive and subtracting them from 1 5 
nadis when 5 is negative, we have what is called diriardha or half the daytime 
Double this gives the duration of the day-time. Subtracting the duration of day-time 
from 60 nadis, we get the duration of the night. Having got the duration of half the 
night, the mean planetary positions are to be rectified to get their positions at sunrise 
The deiantara samskara may be applied now or pnorto this procedure 

EPICYCLIC AND ECCENTRIC THEORIES AND PLANETARY CORRECTIONS 

Having obtained the mean planetary positions on a particular day at sunrise for any 
place, the next procedure is to rectify these mean positions by applying the necessary 
corrections called samskaras, to obtain their true positions at the place. The samskaras 
to be applied are of two kinds (1) manda samskara (2) iighra samskara. With re- 
spect to the Sun and Moon, the first samskara suffices to obtain their true position, 9 
whereas, for the five planets called Tdragrahas namely Mercury, Venus, Mars, Jupi- 
ter and Saturn both the samskaras are necessary The reason for this is simple The 
Moon goes in an ellipse around the Earth, the Earth being in one focus, whereas the 
Sun goes relatively round the Earth, the Earth being in one focus (we say relatively 
because it is the Earth going round the Sun, in an ellipse, the Sun being in one focus 
as per Kepler's first law). The mean planetary positions signify that we have pre- 
sumed that the planets are going in a circle, as a first approximation The manda- 
karma is therefore intended to get the corresponding position in the ellipse from the 
position in the circle (though not stated so). 

It will be noted however, that Hindu astronomical texts do not say that the planets are 
going round in ellipses. They say that they go in an epicycle, whose centre moves 
along the mean circular orbit from west to east. This theory is called the epicyclic 
theory. There is another theory called the eccentric theory, which says that the planet 
goes in a circle whose centre is not the Earth but a different point other than the 
Earth. The distance of this point from the Earth, is said to be equal to the radius of the 
epicycle. We shall presently see how both the theories are identical. 

In the first place, we shall consider the eccentric theory. Bhaskara says here 'The 
centre of the celestial sphere coincides with the centre of the Earth. The circle in 
which the planet goes does not have its centre coinciding with the centre of the 
Earth." Hence, astronomers prescribed what is called bhujaphalam (otherwise called 
equation of centre in the case of mandaphala, whereas in the case of the five 
taragrahas, this bhujaphala besides connoting equation of centre or mandaphala, 
also stands for the correction required to reduce their heliocentric positions to the 
geocentric, as a correction to be made to obtain the true positions from the mean". 
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ECCENTRIC THEORY 

Let A be the centre of the Earth, let P be the mean planet construed to go round in a 
circle whose centre is A. (Fig. 6.3) Let B be the centre of the circle, in which the 
planet actually moves. It must be noted that the radii of these two circles are equal 

M 



Fig 6.3 : Eccentric model for planetary manda 

The circle (A) is the mean orbit, whereas the circle (B) is the true orbit. The mean 
planet moves on the mean orbit called by some as the deferent The position of the 
true planet in the eccentric circle (B) namely Q will be such that PQ is parallel and 
equal to AB In fact, PQ is drawn parallel to AB, and AP = BQ by construction. By 
simple geometry we can prove that PQ = AB Also we can see that when B is verti- 
cally above A, and when the radii of the two circles are equal, every corresponding 
point of the circle (A) will be vertically moved by the same d istance AB. Thus PQ =AB 
and they are also parallel. Join AQ to cut the circle (A) in T, which is said to represent 
the true planet. Evidently when the planet Is at N in the mean orbit, the planet is at M, 
in the eccentric, which point is called the mandocca. When the planet is at R in the 
mean orbit the planet is at S in the eccentric. Thus M and S correspond to the apogee 
and perigee in the case fo the mandaphala correction (otherwise called equation of 
centre). When the planet is at M in the eccentric, the position of the true planet 
coincides with N, the mean planet, so that the mandaphala corrrection is zero. Simi- 
larly the true planet atB being in the same direction as AS, there also the mandaphala 
is zero. We know that the equation of centre at apogee and perigee becomes zero 
similarly When the mean planet is at P, since the true planet is at T, the correction 
mandaphala PT is negative. When the mean planet is at P on the right, the true 
planet will be at T so that the correction P' T is positive. The angle NAP is called the 
mandakendra, which corresponds to mean anomaly of modern astronomy. Thus when 
the mean anomaly lies between 0° to 180°, the equation of centre is negative, being 


168 


HISTORY OF ASTRONOMY IN INDIA 


equal to zero both when the mean anomaly is 0° and 180° On the other hand, when 
the mean anomaly lies between 180° and 360°, the equation of centre is positive In 
modern astronomy, it must be noted that m the mean anomaly is measured from the 
perigee, so that we have the reverse sign Bhaskara and SrTpati construe the mean 
anomaly in the case of the equation of centre as planet's longitude minus the longi- 
tude of the mandocca or apogee. In the case of what is called iighraphala, intended 
to get the geocentric planet from the heliocentric, they construe the longitude of what 
is called iighrocca minus the longitude of the planet as the kendra (or mean anomaly) 
To use the word mean anomaly for the kendra here is rather awkward in modern 
Astronomy, but if we construe the kendra as the argument from which we calculate 
the iighraphala, it will be alright. In the Surya-siddhanta however, for the sake of 
uniformity the kendra or argument from which either mandaphala or iighraphala is 
to be computed is taken as the longitude of the ucca (mandocca or sighrocca) minus 
the longitude of the planet. In this case sin m will be evidently positive between the 
values 0° to 1 80° of the kendra and negative between 1 80° to 360°. It is only a matter 
of convention, about which, we need not bother However, the definition of kendra 
given by SrTpati and Bhaskara have a greater significance, which will be elaborated 
later In modern astronomy the equation of centre is given by 2e sin m +~~e z sin 2m 

The arc PT (Ref Fig 6.3) is approximately taken to be equal to QL the perpendicular 
dropped from Q and AP produced This approximation is permissible because the 
difference will not be much in the case of the equation of centre Since triangle APK 
and PQL are similar, we have 

QL PK 

-=rr = — — = sin m 

PQ AP 

,\ QL = PQ sin m-PT (approximately) 

= mandaphala or equation of centre. Comparing this 
with the modern formula, neglecting the second term in the equation of centre (for 
the present) 2e sin m=PQ sin m. .-. PQ = 2e 

Since PQ sin m will be maximum where m = 90°, 2c = PQ is called the antyaphala, 
i.e. maximum equation of centre. The word eccentric circle is used because the cen- 
tre B of the circle in which the true planet Is supposed to move does not coincide with 
the centre of A of the circle which is the mean orbit. 


EPICYCLIC THEORY 

In Fig. 6.4, the circle (A) is the mean orbit. Let P be the mean planetary position The 
small circle (P) is called an epicycle. The position of the true planet Q is always taken 
to be such thatPQ is parallel to AN. The length of PQ being equal to the length of AS 
in Fig. 6.3, the distance between the two centres of the mean orbit and the true orbit, 
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it is evident that two theories, the eccentric and the epicyclic, give one and the same 
position of the true planet. Here also the triangles, APK and PQL are similar so that 
taking QL equal to the arc PT approximately as before, QL = PQ sin m Here also M 
corresponds with the perigee of the orbit 


M 



Fig 6.4 • Epicyclic model for planetary manda corrections 

In view of the epicyclic theory, Hindu astronomers gave, instead of the value of PQ 
the radius of the epicycle, the circumference of the epicycles in the case of each of 
the planets. It appears peculiar to note that the circumferences are given in degrees 
or what is the same the radii also in degrees, so that the equation of centre may be 
got in degrees direct. The epicycle in the case of the equation of centre is termed 
mandanicoccavrtta, where the word manda pertains to the mandaphala or equation 
of centre and the word nica-ucca-vrtta sigmficies that the word nica should be taken 
for perigee and the word ucca for apogee, because they are respectively nearer and 
farther from the Earth. The words manda, and Sighra occurring in the case of reduc- 
ing the heliocentric longitudes to the geocentric have further significance, which will 
be explained shortly. Another point deserves notice in this context The Surya- 
siddhanta, and Siddhanta-iekhara of SrTpati make the dimensions of the epicycles 
variable, whereas Bhaskara and Kamalakara, the author of Siddhanta-tattvaviveka, 
(A.D. 1606) do not. 

SiGHRA KARMA OR THE CORRECTION TO REDUCE THE HELIOCENTRIC 
POSITIONS TO THE GEOCENTRIC 

It is very interesting to note here, that, though the Hindu astronomers construe im- 
plicitly or explicitly that all the planets go round the Earth yet as per Bhaskara’s state- 
ment the centre of the eccentric circle does not coincide with the centre of the Earth. 
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The centre of the eccentric circle, so taken, it has to be noted, coincides with the 
centre of the Sun as the mathematics involved will reveal to us Bhaskara gives us in 
verses 23-25 Gamtadhyaya, that the peripheries of the Sighra epicycles of Mars, 
Mercury, Jupiter, Venus and Saturn are respectively 243° 40', 132°, 68°, 258° and 
40°. He also adds, that these dimensions are variable to some extent and specifies, 
where and to what extent they are variable. 

As already stated, that hghraphala is prescribed only for the planets Mars, Mercury, 
Jupiter, Venus and Saturn. This is so because, they revolve not arround the Earth, but 
round the Sun. Hence this Sighraphala is intended to reduce the heliocentric posi- 
tions to the geocentric. 

The following table shows how there is a beautiful accordance between the Hindu 
Astronomy and modern astronomy in this. This itself is a proof that the point about 
which these five planets revolve, as postulated by Bhaskara to be some other point 
than the centre of the Earth, is no other than the Sun So, though it was not men- 
tioned in so many words in Hindu astronomy, that these planets are revolving round 
the Sun, the mathematics which goes into computing the sighraphala clearly reveals 
that the Hindu theory was also heliocentric. Then the question anses as to how the 
Sighraphala came to be formulated so correctly under a supposed geocentric theory 
The following argument can be adduced 

Table 6.5 : Dimensions of Sighra epicyles and their ratios with reference to the 

deferent circle 






Value in modern 


Penpheryof 

the iighra 

Periphery of 
the deferent 

Ratio 

astronomy taking 
Earth's orbital 

Planet 

epicycle 



radius to be unity 

Mercury 

132° 

360 

132 - 37 

360 " ,37 

387 

Venus 

258° 

360 

258 - 716 

360 - 716 

723 

Mats 

243f- 

360 

360 . _ 

1 52 

Jupiter 

68° 

360 

360 „ 

“68" " 5 - 3 

52 

Saturn 

40° 

360 

fell 

II 

CO 

9.6 
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In the case of the Sun and Moon, it was discovered that the true positions were 
slightly different from the computed mean positions, except at two points (namely the 
perigee and apogee) where they were found to be the same These two points were 
noted correctly Later, it was discovered that the Sun and Moon were being drawn 
towards the apogee on either side of the apse line. So the Surya-siddhanta says 
significantly “the planets are being attracted towards the mandocca, i e. the apogee, 
which is an unseen entity” (verses 1 and 2 Chapter-2) Not only mention is made of 
the mandocca, but also of sighrocca, and the nodes playing a part in this attraction. 

Noting carefully, that the divergence between the computed mean position and the 
observed true position was a maximum at a distance of 90° from the mandocca on 
either side, this maximum was called antyaphala (meaning etymologically the maxi- 
mum).The amounts of divergence in between, were then discovered to vary not asm 
but sin m Hence the mandaphala or equation of centre came to be formulated very 
easily in the case of the Sun and the Moon. 

But when it came to the case of the five planets Mars etc , the divergence between 
the computed mean positions and the true positions was observed to be very great. 

Then it was observed that this divergence was a minimum when these planets were 
in conjunction or opposition with the Sun. Soon it was discovered that the Sun was 
playing a part in this divergence. Since Mercury and Venus were found to be in oscil- 
lation about the mean position of the Sun, whereas the other planets Mars, Jupiter 
and Saturn were going round the sky, a differentiation was made with Mercury and 
Venus in one group and the other superior planets in another. In course of time, due 
to the oscillation of Mercury and Venus about the Sun, the number of sidereal revolu- 
tions of Mercury and Venus about the Earth (not about the Sun) were taken to be 
those of the Sun Hence peculiarly indeed, the Sun's mean position is taken to be the 
mean position of the planets Mercury and Venus. Then their elongation becomes the 
sighraphala, which is to be added or subtracted from the Sun's mean position to get 
their geocentric positions. In the case of Mars, Jupiter and Saturn i.e. the superior 
planets as they are called in modern astronomy, it must be noted that their mean 
positions construed unknowingly as geocentric by the Hindu astronomers, are indeed 
heliocentric. This we can realize in two ways • (1) Even if actual observations made 
with respect to these planets, irrespective of their retrograde motion, the mean geo- 
centric sidereal period will be the same as the mean heliocentric sidereal penod, for 
the simple reason that the Earth's orbit is contained within the orbits of these planets 
(of course a number of observations of the sidereal periods must be made to stnke a 
mean) (2) or again if the sidereal period were calculated from the formula : 
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^ — jr = (of course the formula was not used in this form, but it was used indirectly 

as follows The difference of the sidereal revolutions of the Sun and those of the 
planets Mars, Jupiter and Saturn were noted to constitute the synodic revolutions of 
these planets) they are to be noted to be heliocentric and not geocentric 

Hence "the mean planet" in the case of the planets Mars, Jupiter and Saturn, it should 
be noted, is the mean heliocentric position and not at all the mean geocentric position 
Interpreters of Hindu astronomy went wrong here, in construing the ’mean planet 1 in 
the case of the superior planets, as the geocentric mean planet. The very fact that the 
Sighra correction applied to these mean planets is no other than the diffenence of the 
heliocentric and geocentric position should disabuse the minds of those interpreters 
In other words by applying the Sighra samskara we are reducing the heliocentric 
positions. This correction was observed to be zero when the planet (i.e one of the 
superior planets) is in conjunction or opposition Hence the Sun plays the same part 
here in the sighra correction as the apogee while computing the equation of centre, 
so that the Sun is spoken of as the sighrocca of these planets In contradistinction, 
with respect to Mercury and Venus, since the mean Sun is taken to be their mean 
positions, the part played by the mandocca in the computation of the equation of 
centre, is now played by the heliocentric position of the planets Mercury or Venus 
Hence, though it sounds odd, the heliocentric Mercury or the heliocentric Venus are 
spoken of as their own sighroccas All this is connected by the following verse 
'‘Kujajwasamndmtu ravih sighrocca na makah, jna sukrayoh grahah Surya bhavet 
tau sighranamakau", i e. in the case of the superior planets, the Sun plays the part of 
the sighrocca, whereas in the case of Mercury and Venus, their heliocentric positions 
are spoken of as the positions of the Sighroccas, whereas the mean sun is spoken of 
as their mean planet 

This is corroborated by the verse 8 Chapter-2 of Surya-siddhanta, as well as the 
verse of Gamtadhyaya of Bhaskara, which says that the geocentric revolutions of the 
nodes of the orbits of the planets Mercury and Venus are got by increasing their 
(heliocentric) revolutions by the number of their synodic revolutions. In other words, 
the terms Sighroccas applied to the heliocentric Mercury and Venus, indirectly implies 
that their motion is heliocentric and not geocentric. 

Under this perspective, let us see the method of computing the Sighra-samskdra, 
i.e. the correction to be applied to reduce the heliocentric positions to the geocentric 
Let us take first the cae of the superior planets, that of Jupiter for example. In modern 
astronomy, the equation of centre is applied to the heliocentric true planet and later 
the heliocentric true planet is reduced to the geocentric true planet. In Hindu as- 
tronomy, the heliocentric mean planet'(though it is construed as the geocentric) when 
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corrected for the equation of centre is called the mandasphutagraha and when then 
the sighra correction is applied we get the geocentric true or sphutagraha as it is 
called However, in this a particular procedure is prescribed by Bhaskara, and another 
procedure by the Surya-siddhanta to obtain the true geocentric positions 

Bhaskara says that the mean star-planets except Mars are to be rectified for the equa- 
tion of centre first It is called the mandasphutagraha Now subtract the longitude of 
this mandasphuta from the longitude of the Sighrocca. The resultant is called the 
Sighra anomaly From this argument, obtain the Sighraphala and apply it to the 
mandasphuta The result is again taken to be the mandasphuta so that the equation 
of centre is again derived forthis and applied to \he original mean planet, Then again, 
correct it for Sighraphala and repeat the process till a constant value is obtained as 
the true planet But with respect to Mars, let the mean planet be corrected for half of 
the equation of centre Then derive the Sighraphala and effect half the corrections to 
the previous result Now derive the equation of centre and effect the entire correction 
from the resulting mandasphuta and then derive the sighraphala and effect the whole 
correction The result then gives the true planet 

The Surya-siddhanta on the other hand, prescribes a uniform procedure to all the 
star-planets In the first place, half of the Sighraphala is the correction to the mean 
planet. Taking the result to be the mean planet, derive the equation of centre and 
effect half of this equation of centre to the previous result. Now consider the result to 
be the mean planet, compute the equation of centre and effect the whole correction 
Taking the result to be the mandasphutagraha, compute the Sighraphala and effect 
the whole correction to obtain the true planet. 

As per modern astronomy, there is no connection between the equation of centre and 
the subsequent Sighraphala. The former is to get the true heliocentric position 

Then the Sighraphala is to reduce the heliocentric true planet to the geocentric 
According to this, the processes prescribed by Bhaskara under the name of agama 
and upalabdhi, i.e tradition and accordance, between the computed position and the 
observed, or that prescribed by the Surya-siddhanta, seem to be beating about the 
bush However, we shall revert to this later to see some rationale behind these proce- 
dures 

Now we shall try to interpret the Sighraphala as no other than the correction to be 
effected to reduce the heliocentric position of the planet to the geocentric. In the first 
place, we shall consider this with respect to the Hindu epicyclic theory In the case of 
the equation of centre, construing the arc PT as roughly equal to QL did not matter 
because of the smallness of the equation of centre (Fig. 6.5). 

But in the case of the Sighraphala which is generally of a larger value, we cannot do 
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so. Hence EQ called the sighrakarna is computed first Bhaskara says that, this EQ 
(called K here) is got as follows 

K 2 = EQ 2 = (EP + PL) 2 + QL 2 (5) 

or = EN 2 + QN 2 = (EK + KN) 2 + QN 2 (6) 

Here UP =fl (called tnjya). PQ is called antyaphala or maximum sighraphala. QL is 
termed bhujaphala and PL as kotiphala. Also EN is parallel to PQ, QN = PK is 


called bhuja, and EK is termed koti. 

Hence what Bhaskara says amounts to 

K 2 = ( tnjya + kotiphala) 2 + bhujaphala 2 . (5) 

or a (koti + bhujaphala) 2 + bhuja 2 (6) 


(5) reduces to K 2 = R 2 + a 2 ± 2 R kotiphala (6) reduces to 
K 2 = R 2 + a 2 ± 2a x koti, where EP = R, and PQ = a. 

The proof is simple 

We shall derive these formulae from the modern heliocentric figure also We shall 
consider the case of a superior planet, say Jupiter, for example. 



Fig. 6.6 
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The same formula are derivable from the heliocentric Fig. 6.6 also as follows 

In Fig 6.6, K 2 = EJ 2 = (ES + SM ) 2 + JM 2 or EL 2 + (LS + SJ ) 2 
K 2 = a 2 + koti 2 + 2a koti + bhuja 2 or bhujaphala 2 + kotiphala 2 + tnjya, 2 
+ 2 tnjya x kotiphala. 

Note that koti 2 + bhuja 2 = R 2 and bhujaphala 2 + kotiphala 2 = a 2 . 

Now we shall find the value of Sighraphala both in the epicyclic fig 6 5 and the 
heliocentric Fig 6 6. In Fig. 6 5 construing PT, which is the sighraphala as a chord 
parallel to LQ 

PT ET 

LQ=m ap p rox,mate| y- 


. D rr ETxLQ RXLQ LQ PQ 
" PT = ^Q = ~K - But ^ = ^p- 

Substituting for LQ 

.. PT= -jjr x xPK= —g— ■ But PK=H sin m (Hindu sine) 
where m is called the sighra anomaly. 

.• PT = Sighraphala = asl *} m , where K is called the Sighrakarna In the 

A 


heliocentric figure 6 6 
sin EJS 


sin m a 

— — /. sin EJS = — sin m, Multiplying both sides by R 

A A 


H sin EJS = -^ AT sin to 

K. 

as before, where H sine signifies the Hindu sine. Thus we see that a plays the part of 
antyaphala i.e. PQ of the epicyclic figure. As a matter of fact, keeping the epicycle 
fixed, and rotating the centre E in Fig. 6 5 around P, we have the heliocentnc figure. 
In other words, both the figures lead to the same value of sighraphala. Or we can 
again see that the triangle EPQ of Fig. 6.5 is congruent to the triangle SJE of Fig. 
6.6, which means that we get the same result from the epicyclic figure as we get from 
the heliocentric figure. 

We have still to establish further correspondence between figures 6 5 and 6 6 Let us 
consider the case of the superior planet J (Jupiter) which procedure holds good for 
Mars and Saturn as well. In Fig. 6 6 the heliocentric longitude of Jupiter with respect 
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to the zero-point of Hindu zodiac namely the first point of AswinI asterism is given by 
the angle A'SJ (note that the geocentric direction EA and the heliocentric direction 
SA' are almost parallel because of the great distance of AswinI The geocentric direc- 
tion of Jupiter is given by the angle AEJ 

Now AEJ - A'SJ = EJS, 

i.e. the difference between the two directions is the angle E J S which is therefore the 
iighraphala correction to be effected to the heliocentric direction to get the geocen- 
tnc direction. Here in this case J is on the right-hand side of.ES, so that the correction 
is positive (on the left-hand side of ES, the correction would be negative) In other 
words the correction will be positive or negative according as 180° < m < 360° or 0° 
<m<l80°, Herem, called the iighra anomaly, is equal toAES -A'S J= geocentric 
direction of the Sun minus heliocentric longitude of the planet The Sun is spoken of 
as the sighrocca therefore with respect to the superior planets, bearing the analogy 
of the mandocca in finding the equation of centre, 'm' the argument, which was called 
the mcmda-kendra or the argument from which the equation of centre was computed, 
there the situation being heliocentric longitude of the planet - longitude of the aphe- 
lion or mandocca - manda-kendra 

Here, in the case of iighraphala, 'm' is given by geocentric longitude of the Sun 
minus heliocentric longitude of the planet. The words manda and sighra will be seen 
to have etymological significance that they have slower or faster motion as compared 
with the planet. Hence we have shown the planet ahead or behind respectively in the 
two cases. The mandaphala was negative when 0° < m < 180° and positive when 
180° < m < 360°, so that in both the cases, we find the planet attracted towards the 
ucca (whether sighrocca or mandocca). Hence Bhaskara says as a\$o Surya-siddhanta, 
that the ucca attracts the planet towards it. In particular Bhaskara says "ucco hi akarsako 
bhavati*. 

Bhaskara has a significant statement . " kaksa-madhyaya tiryagrekha prativrtta 
sampate, madyaiva gatih spasta, param phalam tara khetasya ". "The mandaphala 
or iighraphala will be maximum positively or negatively at the points of intersection 
of the eccentric circle with the line passing through the centre of the kaksavrtta or the 
deferent." This is clear in Fig. 6.3 in the context of the mandaphala in the position P 
of the true planet where the angle MAP = 90° the maximum equation of centre being 
equal to 90° the radius of the epicycle otherwise called antyaphala Similarly, if we 
draw the eccentnc circle in the case of the iighraphala also (the same figure holds 
good in this case also) we can see that the iighraphala also will be maximum at that 
spot. This fact is also borne out in the heliocentric Fig. 6.6 (the heliocentric figure is 
not drawn in the case of the equation of centre because in modern astronomy, we 
have the elipse whereas in Hindu astronomy we do not have such an ellipse but only 
the same epicyclic or eccentric theory) where when J is at the points C or B the 
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angle EJ S will be a maximum because 

sin EJS sin JES a 

= 5 — sin EJS = — sin JES 

Gil R 

■ EJS will be maximum with JES = 90° 


• (7) 


Bhaskara's verse quoted above says further that the madhyagati or the velocity of the 
mean planet in the case of the equation of centre and that of the mandasphupagraha 
in the case of the Sighra correction will be equal to the velocity of the 
mandasphutagraha or the planet corrected for the equation of centre and the true 
planet corrected for Sighraphala in the two cases respectively. This is easy to say 
from equations, already discussed, where in the first case the velocity of the mandocca 
or the aphelion almost being negligible. 


(PQ sin m) when m = o will be zero Hence the differential of the equation of centre 
which is maximum at that point will be zero (the criterion of maximum). Similarly in 
equation (7), A (a sin JES) when JES = 90°, is equal to zero, (again the critenon of 
the maximum) In the case of the equation of centre, because we took arc PT = QL 
approximately, the mandagah or the velocity of the maTidasphittagraha = A (PQ sin m) 
= PQ cos m8m This is given by Bhaskara in verse 37 oiSpastadhikdra, when M 1 +E^ 
= M z , i e longtitude of the mean planet plus equation of centre is equal to the longi- 
tude of the mandasphutagraha But AAf 2 = A(M, +!?,) = AM 1 + A.E, = 0 + 0 because 
the mean motion A is constant and AS, = 0 because S, is maximum. Similarly Af, + 
E z a M s or the longitude of the mandasphutagraha + Sighraphala = true planet. 

.-. A (Af 2 ) =* A M, + AS 2 When A E 2 = 0 because E 2 is a maximum, 

A M 2 - A M , 

i.e the true motion is equal to the motion of the mandasphutagraha as stated by 
Bhaskara. 

Sighragatiphala • From equation (7) 

sin EJS = sin JES 
Jti 


/. A (sin EJS) = A (sin JES) = sighragatiphala as it is called. But JES being 

R 

the elongation of the true planet and this being not measured in practice by the Hindu 
astronomers, Bhaskara denves the Sighragatiphala in an ingenious way, which exhib- 
its his genius. This Sighragatiphala is very important because we have got to know 
when the planet retrogrades. 

Before we seek to find the Sighragatiphala let us take up the procedure laid down to 
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rectify the inferior planets Mercury and Venus We take Venus and the procedure is 
the same with respect to Mercury also 


S' 



Fig. 6.7 : Correction for inferior planets Mercury and Venus 


E = Earth; S = Sun, V = Venus 

Take SV=a and SE =R EA is the geocentric direction of the Hindu zero-point A; SA' 
is the heliocentnc direction of the same point. V‘ = position of V at max elongation. 
'm' is here the sighra anomaly. 


Since, it was construed that the madhyagraha of the inferior planet is the Sun, inas- 
much as the inferior planet oscillates about the mean position of the Sun as seen 
from the Earth, and since V the heliocentric Venus was construed as the Sighrocca of 
Venus, to accord with the method postulated with respect to the superior planets 


Longitude of iighrocca - longitude of the mean planet 
= iighrakendra - m or A'SV -A'SS' = S'SV = m. 


From the triangle ESV, = 


sin Si V 
sin E§V 


O' y. Af, Of 

sin SEV * — sin ESV= — sin m. 

K. A 

This is the same as we got in the case of a superior planet. Hence SE V is termed 
here as the Sighraphala, which is no other than the elongation of the planet. This will 
be evidently a maximum when EV is tangential to the inner circle Then sin SEV 

= — = a constant so that the maximum iighraphala will be equal to sin -1 — which 
it K 

is the same as the maximum elongation From the table shown before, under the 
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caption 'Elements of the Solar system 1 taken from Ball's Spherical Astronomy in the 
case of Mercury the maximum elongation of Mercury is sin -1 .387 =22° 48' and in the 
case of Venus sin -1 7233 = 47° 1 2' (ofcourse taking the orbits to be coplanar circles) 

Since AES+SEV=AEV therefore, the mean longitude of the Sun plus the 
Sighraphala equals the geocentric longitude of the planet (Venus or Mercury) K is 
calculated as was done in the case of the superior planets In the case of the inferior 
planets, since they move faster than the Earth, or what means the same, they move 
fasterthan the Sun, relatively speaking, so the heliocentric Venus is termed sighrocca, 
justifying the word Sighra As per the word ucca, it has a double significance • 
(1 ) when V occupies the position V, in Fig. 6 7, Venus will be farthest from the Earth, 
under this perspective when Venus is at V 2 it is nearest to the Earth, but the word ucca 
has no significance here; (the word Sighranica is not used in the Hindu astronomical 
works), (2) more than the first significance, since in the equation of centre we said 
longitude of graha — longitude of mandocca = mandakendra, similarly here helio- 
centric longitude of Venus (or its sighrocca ) — longitude of the mean Sun (i.e. mean 
planet) = sighrakendra. Thus the word ucca is significant so far as its position gives 
us the mean anomaly or the Sighra anomaly (the word anomaly here is an odd us- 
age). 

Thus in the case of an inferior planet, its elongation is the Sighraphala. 

a 

The Hindu epicyclic theory also leads us to the value sighraphala = — sin m, as in 

A. 

the case of the superior planets. However in the case of the superior planets, the 
epicycle corresponds to the orbit of the Earth, and the circle got rotating the point E 
about the centre of the epicycle will be the orbit of the planet. The centre of the 
epicycle here coincides with the point S of the heliocentric figure 6 7 Looking at the 
dimensions of the epicycles both with respect to the superior and infenor planets, and 
looking at the table cited before from Ball's Astronomy, it is clear the Sighraphala is 
no other than the correction required to reduce the heliocentric longitude to the geo- 
centric in both the cases of the superior and inferior planets. 

Sighraphala : As mentioned before, this is a very important concept, which gives us 
the knowledge when a planet retrogrades Bhaskara says in verse 39 Chapter-II 
Gamtadhyaya 

§1 _ ffsin (90-2?) 8m = gg 

K 

where 81 is daily mean motion of the Sighrocca, 8 m = daily mean motion of the Sighra 
anomaly, E — Sighraphala, and 85 = true geocentric motion of the planet. If 85 is 
negative the planet is in retrograde motion. K is the Sighrakama mentioned before. 
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From Fig 6 6, sphutagati or the true daily motion of the planet Jupiter is A (AE J)=8S 
But A AE J s A AE S — A JE S 

A AES is called the kighrabhukti of Jupiter or the true daily motion of the sighrocca 
of Jupiter or what is the same the true daily motion of the Sun Hence, to find A AEJ, 
we have to find A (JES), because A AES is known. In Fig 6.6 we have connoted JES 
as n, where as m, i.e. the angle JSM in the figure is called the kighrakendra, this 
angle n is called sphuta kighrakendra In this context the verse given by Bhaskara is 
very significant, as well as its proof which is highly complicated and as such reflects 
on his genius. The verse deserves to be quoted and is 

Phatarnka khankantara kinjvnigb.nl, 

Drak-kendra bhuktih krutihrt visodhya 
Svasighra bhukteh, sphutakheta bhuktih 
Sesarn ca vakra viparita suddau 


Meaning .- phalamka = the degrees of the kighraphala, khanka = 90° (kha = o, 
anka = 9 , in Hindu numbering we proceed from the right to the left as is said ankanam 
vamato gatih, so that, the number becomes not 09 but 90°). Thus phalamsa 
khankantara means (90° - E) where E is the kighraphala. The word sihjini means 
the Hindu sine. We are asked therefore to multiply (the word ghni means being mul- 
tiplied) H sin (90 - E 2 ) by drak-kendra bhuktih, i.e. the daily motion of the 
slghrakendra, i e. 5m. So we get H sin (90 -E 2 ) 8m. This is directed to be krutihrt, 


i.e to be dvidided by the karna K Thus far we have 


H sin (90 -E 2 ) 
K 


This is 


directed to be vikodhya, i.e. subtracted from svasighra bhukti, i e the daily motion of 
the kighrocca, i e. of the Sun. The result will be 8 S, i e. the true daily motion of the 
planet given by 

a HcosE, 8m 

A (AEJ). So, 8S *s 8/ =— 2 , where 81 is the daily motion of the Sun 

iC 


Here one point is to be noted. After getting the manda-sphutagati or the daily motion 
of the planet rectified for the equation of centre (let us call this M^) M,+ E 2 = S, 

a sin m 

where E 2 is the kighraphala equal to — — — as obtained before, and S the true 
planet. 

Again, 8 S = 8M 1 + 8E 2 . Here 8M \ could be got easily being the daily motion of the 
planet rectified for the equation of centre. In fact 8Af, = 8M + 8E, where 8M is the 
mean daily motion of the planet and 8E 1 is the daily variation of the equation of 
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centre, 8 M is known and 8S 1 = 8 (a sin m) = a cos m 8m, which is known easily (Note 
here that, we do not effect what is called karnanupata in the case of the equation of 
centre, i e we do not divide by if. Since the equation of centre is small, we effect this 
karnanupata in the case of the iighraphala, because this Sighraphala is far greater 
than the equation of centre). 

Coming to the point, since 

_ _ (a sin m) 

M, + E 2 = S, 8M 1 being known easily, it is enough to get 8 E 2 or 8 

Bhaskara says significantly that in — — both m and K are variable from day to day, 

and therefore to get the differential of — is not easy (Remember here though 

Bhaskara knew that 8 (sin m) = cos m 8m which formula he used very often, he was 

not aware of the formula 8 — = - — - “ of modern calculus Bhaskara was five 

u v z 

centuries older than Newton and to have gauged that 8 (sin m) = cos m 8 m was 
indeed creditable on his part). So Bhaskara says "mafia matimadbhih kendragatih eva 

asinm 

spasti krta", i.e. great intellects rectified m' of Fig. 6.6 instead of seeking 8 — ^ 

where m and K are both variable In other words, they sought to find 'n' which is 
called sphutakendragati, in the place of finding 8m called madhyakendra gati 
(Incidentally note that he was paying a compliment to the genius of Brahmagupta by 
using the word ‘great intellects'). 

Now we shall seek the proof of the formula given by Bhaskara, using the helio-centric 
figure first and then understand his own proof in the eccentric theory 

From Fig 6.6, K cos n -R cos m = a (using the elementary trigonometric formula in 
a triangle namely b bos C + c cos B = a). Taking differentials from the above. 

-ifsin n8n + cos n SBT + iZ sin m 8m = 0 ( 8 ) 

because o is a constant. But we have 

_ R 2 + a z + 2 R a cos m So that 2K 8K = - 2 R a sin m 8m (9) 

Eleminating SK between (8) and (9) 

Ra sin m 8m x cos n R&nm5m= 0 . 


-■ST sin n8n- 


K 
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i.e K sin n 8n = R sin m 8m (l - Ji- cos ra) 


(K—a cos n) 

= R sin m 8m — . But K-a cos n-R cos E 

K 


: dn 


R sin m 8m x 22 cos E 
K sin n 


But R sin m = K sin n 


R cos E 6 m H cos E 5 m 


as given by Bhaskara It is worth-while for the reader to go into the argument adduced 
by Bhaskara (in his own words) 


In the above, we have given a proof based on the modern heliocentric figure just to 
show how Bhaskara could go into intricate mathematics Before we see his own proof, 
it yet remains for us to note the treatment of the minor planets Mercury and Venus. 


We have seen that the true geocentric longitude of the inferior planet is got by adding 
to the mandasphutagraha or the mean planet rectified for the equation of centre, the 

a 

sighraphala which is no other than the elongation of the planet given by — sin m. 

A 

Next the question arises, as to whether the procedure laid down to get the 
Sighragatiphala in the case of the inferior planets also is the same as that laid down 
in the case of the superior planets. There is a slight difference, however, though the 

formula — ■ holds good here also. The difference is with respect to the 

A 

sphuta-kendra. The sphuta-kendra in this case (Ref. Fig. 6.7) is the angle between 
the heliocentnc direction of Venus namely SV and the geocentric direction of V namely 
EV, marked equal to n in the figure since in this case also. M + E 2 = n as in Fig 6.6, 
E 2 of course, having a different a connotation, and since E 2 here also has the same 

a 

formula namely sin m, the same mathematics holds good here also to get the true 

JX 

daily motion of the planet. 


Now we shall give Bhaskara's proof with respect to the sighragatiphala, formerly 


proved and obtained as 


H cos EZm 


taking the heliocentric Fig. 6.7. Now we shall 


K 
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trace the steps of Bhaskara from his eccentric Fig. 6.8, given below, and ascertain the 

veracity of his statement that the rectified kendragati 8 n is equal to HcosgSm . 

K 



Fig. 6.8 • Bhaskara's proof With respect to Sighragatiphala 

In the Fig 6.8, above P v P 2 and Q,, Q 2 are the positions of the mean planet in the 
kaksavrtta and prativrtta on two consecutive days. Let T v T 2 be the true planets on 
the two consecutive days Evidently P, P, and P 2 P 2 are the value of the Sighraphala 
on the two days Draw a parallel through P, to E \ E 2 to meet the prativrtta at a. 
■A, T 2 - A 1 P 1 = the difference of the sphufakendras on the two days, which is equal 
to P,P 2 IS called sphutakendragati. Since Sighra - sphutagraha = sphutakendra, 
Sighragati - sphutagrahagati = sphuta-kendragati or what is the same 
sphutagrahagati = sighragati - sphutakendragati Now the problem IS to find 
P 2 T z - P, P, which is called sphutakendragati (as named previously). It will be 
noted that madhyakendragati is equal to Q,Q 2 in Fig. 6 8. In the figure P, T, is the 
Sighraphala on the first day which is equal to aQ,, P 2 T 2 is the Sighraphala on the 
second day 

In the figure considering Q,Q 2 i.e. 8m as an increment in the Sighraphala aQ 1 (in the 

figure it may not appear so. 8m is small compared to aQ ) equal to ^ sin m = sin E, 

iC 

hence we are required to find sin (E + 8m) - sin 2?, where 8m is small compared to E. 

sin (E + 8m) = sin E cos 8m + cos E sin 8m. Put cos 8m = 1 and sin 8m = 8m 
. sin (E + 8m) = sin E + cos E 8m. 

Since this cos E 8m is on the prativrtta, we have to reduce it to kaksavrtta by 
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multiplying by R and dividing by K Hence the required quantity 

R cos E 8m H cos ESm , _ , 

= — — as is given by Bhaskara 

K A 

In this context, we find Bhaskara cirticizing Lalla for having used the word aSu-capa, by 
which Lalla meant aSu-phala-capa and not aiu-kendra-capa as misread by Bhaskara. 
So the credit may also go partly to Lai la, who was indeed a great astromer contempo- 
rary to Brahmagupta 

It remains for us to establish a correspondence between Bhaskara and modern as- 
tronomy in this point, because, we have to assure ourselves that the Hindu method of 
finding at what point a planet retrogrades is also correct. Assuming coplanar concen- 
tnc circles, let S = Sun, E = Earth, J = Jupiter, m = slghra anomaly Let in Fig 6.6 
angle SEJ = 0. Let Jupiter appear stationary as viewed from the Earth in this posi- 
tion, so that it is the beginning point of retrograde motion Let ESJ = $ and JES = £. 
Let u and v be the velocities of the Earth and Jupiter (linear), let a and# be the orbital 
radii as before. Since the relative velocity of Jupiter with respect to the Earth is zero, 

u — cos £ 

u cos 0 + 1 > cos £ = o, .. = -2-. 

V COS 0 

But from triangle ESJ, R cos § + K cos 0 = a and a cos § + K cos £ = R, 

cos £ R - a cos <]> - u R-a cos <J> 

cos 0 a - R cos <(> v a-R cos 4) 

au + Rv 

so that cos <|> = — . 

av +Ru 


But m = 180 - <|> COS m 




au + Rv 


av + Ru * 

Here spastagati is equal to zero. Hence in the formula, 

t ^ HcosESm 

spastagati = sighragati = , 

A 

H cos E 8 m 


Sighragati = ■ 


R 


The angular velocities of the Earth and Jupiter are respectively — and so that 

a Jtt 

the Sun's apparent velocity also is u/a 
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5m = kendragati - Sun's apparent velocity minus Jupiter's heliocentric velocity. 

u V 
a R 

, . u HcosE ( v \ 

a K ' R f 

u / HcosE \ HcosE v 

~a~ ' K — V— T— : *-X 

u /HcosE-K\ HcosE v 

^ / = — x — 

But H cos E = R cos E (Hindu Trigonomety) = R cos% (here ^ standing for E) and 
R cos ^—K=—a Cos 0 

u cos 0 + v cos ^ = 0 which accords with the modem method as derived before 
From this follows 

/ au + Rv\ 

cos m = — l — — ) as said before. 

' av + Ru' 

Substituting the relative values of a and R, we have the respective values of m for 
each planet, when it becomes stationary. We could more easily use equation u cos 0 
+ v cos % = 0, noting e = m - We shall next make here some points of observation 
pertinent to the context. 

We have M x +E^= M 2 and M 2 + E 2 = S where is the original mean planet, = 

equation of centre, M 2 = mandasphutagraha, E 2 = iighraphala, S = true planet. 

8 M 2 + 5E 2 = 5 S, which means mandasphutagati plus slghragatiphala (not 
Sighraphala) = spastagati. Now let E 2 be maximum, so that 8 E 2 = 0, Then 5M 2 = 5S. 
This means that at the points B and C of the heliocentric figure 6.6, the sighraphala 
is maximum and the mandasphutagati is equal to the true motion. This line BC 
corresponds to the line mentioned by Bhaskara in the verse . 

Kaksa madhyagatiryak-rekha prativrtta-sampate, 

Madha evagatih spasta, param phalam tatra khetasya 

This is the line drawn through the centre of the kaksavrtta to cut theprativrtta in the 
eccentric figure. 

(2) Another point of observation is that since, 5M 2 + 8E 2 = 0 means that the true 
velocity of the planet is zero. So 8M 2 must cancel 8E 2 when the planet is stationary In 
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Fig. 6.6, E 2 s o at S'; it becomes positive as J moves from S' to C in the clockwise 
direction (this is so because we have kept ES in a constant direction and as S has a 
greater positive velocity, J takes a clockwise motion) Then E 2 will have a positive 
maximum at C From C to the point diametrically opposite to S, the positive E 2 be- 
comes zero From this diametrically opposite point as it moves clockwisely to B, it 
grows negatively to maximum atB.AsJ then moves fromB clockwisely, the negative 
maximum gradually gets nullified at S' In other words, in the arc CS' taken anticlock- 
wise, since E 2 increases positively, 8 E 2 will be positive and this 8 E 2 becomes zero at 
C. Since 8 M 2 is always positive, 8 M z + bE 2 = 0 in the arc S'C. Now 8 E 2 becomes 
negative as J proceeds clockwisely to B. At some point in between J on this arc and 
the point S', bE 2 + 8 M 2 becomes zero. This means that as a superior planet is near 
opposition it becomes retrograde. Similarly on the arc S'B taken clockwise, in be- 
tween S L and B, bM z + bE z will be zero, and thereafter becomes positive Hence on 
the arc C'D', where C' and D' are symmetrically situated with respect S', the superior 
planet is retrograde. 

In the case of the Inferior planets (Ref. Fig. 6.7) they reach a maximum elongation on 
either side of the Sun. Suppose the Sun is in advance, so that the inferior planet will 
be a morning star; here the planet retrogrades to a maximum elongation and then 
after sometime, becoming stationary, the elongation decreases to zero Thereafter 
the planet overtakes the Sun and becomes visible in the western sky as an evening 
star. The planet now has a direct motion, and attains a maximum elongation on the 
right of ES in Fig. 6 7. Then the planet becomes retrograde. Thus the Inferior planet 
is retrograde on the arc V V' taken anticlockwise and direct on the arc V" V taken 
also anticlockwise. While at V, and V 2 it sets in the rays of the Sun. This setting in the 
rays of the Sun either for the Inferior planet or the Superior planet, is called heliacal 
setting and emerging from the rays of the Sun is called heliacal rising. It is easy to 
see that a superior planet sets in only in conjunction whereas an inferior planet sets 
both at the superior and inferior conjunctions, which means that it sets both in the/ 
East and the West. The supenor planet on the other hand sets only in the West 
heliacally and goes round the Sun the entire circle or the entire synodic period The 
period of heliacal setting in the case of an inferior planet at the inferior conjunction is 
far longer than that at the superior conjunction, because the planet and the Earth are 
moving in the same anticlockwise direction at the inferior conjunction, whereas at the 
superior conjunction, their velocities are oppositely directed. 

In conclusion, it may be mentioned that the data given by Bhiskara with respect to the 
stationary points, and heliacal rising and setting accord very well with the data given 
in modern astronomy. This is indeed remarkable, because the Hindu astronomers 
using the epicyclic and eccentric theories, and under the explicit geocentric theory 
(which is in fact not at all geocentric as the mathematics on the previous pages has 
revealed to us) achieved much more than could be expected of them at that distant 
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past as long ago as Aryabhata's time, many a century before Copernicus. In the wake 
of the mathematics expounded in this paper, nobody has the right to say that the 
Hindu theory was geocentric. What Copernicus achieved was, to read in between the 
mathematics and discover the heliocentric theory, which was formerly implicit 
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ECLIPSES, PARALLAX AND 
PRECESSION OF EQUINOXES 


S D SHARMA 


ECLIPSES 

Since remote antiquity occupations of heavenly bodies attracted the attention of man 
and inspired him to find the time of recurrence of such events The occupations of the 
Moon with yogataras (junction stars or the identifying stars) of asterisms on its path 
(lunar zodiac) and conjunctions of other planets too with stars, or any other planet, 
likewise generated great interest. The most important occupation of the Moon with 
the Sun resuPing in solar eclipse and of Moon Pself, by the Earth's shadow leading to 
the lunar eclipse, might have been very fascinating events. The earliest attempts to 
know their recurrence timings were based on determination of empirical cycles by 
observing colours of eclipses and identifying them as brown colour shading or dark 
colour shading etc. These were the attempts to find repetition cycles of eclipses of the 
same kind (colour). In fact, the colour of an eclipse depends upon the elongation of 
nodes of lunar orbit w.r.t. Sun which determines how intense (brown, dark or deep 
dark etc.) the eclipse will be as a resuP of relative gradations in extents of overlap- 
ping. In ancient civilizations like China, Babylon, etc. records of eclipses had been 
kept. Ptolemy had a record of eclipses from 747 B.C. to A D. 150 These records on 
analysis gave Metonic cycle. It is believed that the Chinese might have this cycle 
earlier. In India, in early Vedic times there were penods determined on the basis of 
such observational records over centuries. We find a period of 20000 days 1 in Jain 
texts. However, early Vedic Aryans distinguished 3 different colours of eclipses (solar 
and lunar separately), i.e. black, red and white and tried to recognize periods of 
eclipses with specific colours. 2 On dividing the above figure (20000 days) by the 
number of colours (3) one gets the period of occurrence of eclipses of the same 
colour.This is almost equal to the period of Rahu or Ketu (the ascending and descend- 
ing nodes of lunar orbPJ.The Jain texts like Suryaprajnapti 3 mention five colours of 
eclipses, which is an advancement over the observations of Vedanga Jyotisa tradi- 
tion. There is mentioned a cycle of 6 months. 4 
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We know that, 675 lunations = 3 Chaldean saros + 6 lunations. 

Thus the period of 6 lunar months is also one of the shortest cycles, easily conceiv- 
able in early studies of solar and lunar eclipses 

In the Vedanga Jyotisa we do not find algorithms for computing eclipses, but there is 
a reference to a phenomenon of colouration which is referred to as Vyatipata yoga * 
This was the phenomenon (of colouration of Sun and Moon) for predictions of which 
some methods are found in Jain traditional astronomy® Reference to this phenom- 
enon occurs mPaitamaha Siddhanta also. In Siddhantic texts later, this phenomenon 
got interpreted as the occurrence of equality of declinations of the Sun and the Moon. 
It may be remarked that occurrence of Vyatipata yoga later got connected with a 
general form equality of declinations ( kranti samya) irrespective of their signs (see 
appendix). The methods of computing timings of this phenomenon developed from 
Vedic times and we find detailed methods of computing the occurrence of this in Jain 
texts too. The Jyotisa Karandaka 7 gives detailed methods of computing its recur- 
rence in five year yuga of Vedic and post-Vedic tradition. But there were no other 
yogas completing the list of 27 as found in later astronomical texts. Almost all the 
theoretical treatises after Aryabhata have dealt with the problem of kranti samya 
(equality of declinations of Sun and Moon) in details. 

The Jain canonical text has reference to two types of Rahus, one of them being re- 
sponsible for waxing and waning of the phases of Moon® (1/1 5th part of the lunar disc 
every day) while the other one was considered responsible for eclipses.There are five 
categories of this Rahu depending upon the direction of 1st and last contacts and 
nature of eclipses 9 (like being partial, total or annular). There are no records pre- 
served in the literature on the basis of which they inferred the cycles but it was con- 
cluded that the Parva Rahu (responsible for eclipses) covers 10 the Sun or Moon at 
least once in six lunar months and excellently Moon in 42 lunar months and Sun in 48 
years as discussed earlier. The Jains had records of 5 colours and concluded these 
cycles on the basis of these colours. The mathematical analysis of these findings is 
discussed by Sharma et al. 11 using number of theoretical methods. In brief’ for lunar 
eclipse 42 eclipse months^ 41 lunations and for solar eclipse 45 years= 48 eclipse 
years. 

In later texts, we see the development of computational algorithms to predict eclipses. 
The notion of RShu got developed and the lunar ascending node was named after the 
same. 

The Pancasuidhantika of Varahamihira, Va&istha and Romaka Siddhantas give algo- 
rithms for computing eclipses using the longitudes of Sun and Moon. The rules for 
computing eclipses are as follows :- 
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Rule I 

(1) (A) For the lunar eclipse, find the difference D in longitudes of the near node 

and the Moon. If this is less than 1 3°, lunar eclipse will take place, when she 
is in opposition to the Sun 

(B) (a) Time* of the beginning of eclipse is given by : 

T,-T-£V(169-D*) 

(b) Time of the ending of eclipse is given by • 

T 2 = T +2^069 -D 2 ) 

where T is the time of opposition. 

Rule II 

(2) (A) Let the latitude of the Moon at that time be p in minutes of arc If AX. is 

the hourly change in elongation of the Moon with respect to Sun, then the 
time for the beginning of eclipse is given by • 

T 3 = T - V{55 2 - P 2 /AX,} .... (I) 

Time for the ending of eclipse is given by : 

T 4 = T +V{55 2 - P 2 /AX,} .... (II) 

(B) T' = T ± (21/5 AX,)V(25 - P 2 ) gives beginning and end of partial maximum 
or total eclipse. (Ill) 

Here it is clear that when the difference in longitudes of the node and the Moon is 1 3°, 
the latitude of the Moon is taken to be 55' which means that near the node the latitude 
is assumed to change 55/13 minutes per degree. The sum of radii of Sun and Moon 
is (from I) : 

r + r = 55' 

m s 

Their difference (from III) is 

r - r= 21 ' 

s m 

.-. r=38' r =17' 

s m 

which are taken to be constants. 

The middle of eclipse is atT, the duration is zero if r a + r m = p 

The results are based on mean motions of the Sun and the Moon as hourly vanations 
in longitudes are neglected. 

The first rule is more primitive as it ignores the latitude of the Moon. The Pauh&a- 
siddhanta discusses the method for computing solar eclipses. Here the parallax in 
longitude is converted to the time correction for conjunction (see the discussion 
parallax Eq (1) later on). The Romaka-siddhanta gives an improved version for 
computing solar eclipse. 12 It is this text which uses tnbhona-lagna (nonagesimal) for 

* Here the time is given in hours and minutes; if the time is expressed in nsdikss the factors 
preceding the root should be 3/8. 
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the first time This very text gives parallax correction in latitude (i e the natisamskdra) 
in addition to parallax correction in longitude 

The Surya-siddhanta in Pahcasiddhantika of Varlhamihira gives a better and more 
refined method for computing solar eclipse and uses far better constants Like in 
Romaka, it uses true motions and consequently more correct parallaxes and angular 
diameters. The true motion of the Moon at the time of eclipse is used instead of true 
daily motion Parallax-corrected conjunction time is computed using parallax-corrected 
longitudes. A separate chapter is devoted for graphical representation of eclipses To 
mark the points of 1st and last contacts, the Moon's position is to be fixed with 
respect to east-west of the observer. For this purpose, two corrections a ksa valana 
(depending upon latitude of the place of observation) and ayanavalana (depending 
upon the Moon's ayana w r. to equinoxes) are to be applied to the east west point. But 
in computing aksavalana versed sine is used instead of sine of the hour angle which 
IS a mistake as pointed out by Bhaskaracarya II Vasistha does not give ayanavalana, 
but the Surya-siddhanta gives fairly accurate formula. The Romaka-siddhdnta is 
silent about directions of 1st and last contacts. 

The Aryabhatiya and Mahdbhaskanya give same method of computing parallaxes, 
angular diameters and valana These compute parallaxes separately for the Sun and 
Moon and then take the difference. In the case of the Moon the same is taken in her 
own orbit instead of in ecliptic It is interesting to note that Mahabhaskariya uses 
parallax in computing lunar eclipse also, but it does not result in any difference in final 
figures 


ALGORITHM FOR COMPUTING ECLIPSES IN PRESENT 
RECENSION OF SURYA-SIDDHANTA 

Having surveyed the developments historically, let us discuss in brief the working 
algorithm for computing eclipses according to the present version of the Surya- 
siddhanta, then we would like to comment on the successes and failures of these 
methods in the light of the equations of centre being applied to the Sun, other con- 
stants being used and the theoretical formulations involved therein. Before starting 
the actual computations, \one should first check the possibility of occurrence of eclipse. 
It may be pointed out that in Indian tradition, the ecliptic limit was taken to be 14° 
elongation of Rahu at the moment of syzygies The limit is same for lunar and solar 
eclipses; because it was computed using mean radii of Sun and Moon and the paral- 
lax was neglected. 


Lunar Eclipse 

At the time of ending moment of purnirhd (full moon) one should compute the true 
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longitudes of Sun, Moon and ascending node (Rahu). The apparent disc of the Sun in 
lunar orbit is calculated using their mean diameters. Also the cross section of earth's 
shadow in the lunar orbit is computed From the diameters of the overlapping bodies, 
and latitude of the Moon, position of Rahu, one can easily infer whether the eclipse 
will be complete or partial The half of the time of eclipse ( sthityardha ) is given by 


T v4 = v -~ v ^ - p 2 } ghatis 


where V m = daily velocity of Moon, V f = daily velocity of Sun, p = latitude of moon and 
D 1t D 2 stand for angular diameters of overlapping bodies (Earth's shadow and Moon 
in case of lunar eclipse).Thus the beginning (sparSa or 1 st contact) and ending (moksa 
or last (4th) contact) are given by : 


T 0 % T % where T 0 is the time of opposition. 

Similarly half of the time of full or maximum overlap {vimardardha) will be given by 


T * - V ^ V ~ ^ {(' Dl 2 ~^) 2 " 8ha - ' lS 

m s 

and T 0 + T % will be the moments of beginning and ending of full overlap (vimarda) 
(These are the timings for sammilana and unmilana in traditional terminology which 
indicate the positions when the two bodies touch internally). Similarly one gets the 
3rd and 4th contacts also. 


In order to have better results, the positions of the Sun, Moon and Rahu are computed 
at the instant of the middle of the eclipse and using these the required arguments are 
recomputed and again the sthityardha and vimardardha are computed The proce- 
dure is recursive and is expected to improve the results. The Surya-siddhanta gives 
also the formulae for eclipsed fraction (maximum and instantaneous) which are easily 
provable on the basis of the geometry of the eclipse phenomenon. Also it gives the 
formula for remaining time of eclipse if the eclipsed fraction is given after middle of 
the eclipse which is just the reverse process. 

After giving algorithms for computing eclipses, the aksa- and dyana-valanas are to 
be computed to know the directions of 1st and last contacts. The formulae are 

, . , / sin zx sinG \ 

a ksa-valana = sin - ’ t j 

v cos 5 7 

where z = zenith distance of the Moon, 6 = latitude of the place of observation 
and 8 = declination. 


If the planet is in the eastern hemisphere then ak$a-valana is north and if the planet 
is in the western hemisphere then this is south. 
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, , / sin e x cos X \ 

ayana-valana = sin -1 1 — ) 

v cos 8 ' 

where X = longitude of the eclipsed body. If both the valanas have same sign, then 
sphuta-valana =aksa-valana + ayana-valana. 

If they have opposite Sign, then sphuta-valana = aksa-valana — ayana-valana 

The sphuta-valana divided by 70 gives the valana in ahgulas The valanas are com- 
puted for the 1st and last contacts. These give the points where the 1st and last 
contacts take place on the periphery of the disc of the eclipsed body with regard to 
east-west direction of the observer One can also compute valanas for sammilana 
and unmilana too and decide also their directions. 

SolarEclipse 

The Surya-siddhanta gives the formula for parallax in longitude and latitude. The 
algorithms of vanous texts for computing the same are discussed in the next section 
on parallax. Here we give the rules used in Surya-siddhanta. 

x , _ sin Ax sine 

(1) Compute udayajya = 

COS 6 

where A = the sayanalagna = longitude of ascendant at ending moment of 
amavasya (computed using udayasus or timings for rising of rasis). 

cos0 = cosine of latitude = lambajya 

(2) Compute the longitude of dasamalagna using udayasus. Calculate the decli- 
nation 8 0 for this longitude. 

(3) If 8 d and 0 have same direction, subtract the two, otherwise add them. The 
result is the zenith distance z D of the daiama lagna (madhya-lagna in the ter- 
minology of Surya-siddhanta in chapter on solar eclipse). 

sin(z D ) is called madhyajya 

(4) Compute drkksepa using the formula 

A /f . ( madhyajya x udayajya \z\ 

drkksepa = V [(madhyajya ) 2 - \ p~ ) / 

where R is standard radius adopted for tables of sines etc. (= 3438' in Surya- 

siddhanta) 
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(5) drggatijya= V{ R 2 - (drkksepa) 2 } = sanku 

Approximately one can also take sin (z D ) to be drkksepa and cos (z D ) to be 
drggati. The Surya-siddhanta gives this approximation too and defines 

cheda = — - — 5 — 

drggatijya 

vislesamsa, V = tribhona lagna - Sun's longitude, 

= A-90 -S L 

lambana = — "j n ~ east or west in ghatis 
cheda 

If the Sun is east of the tribhona lagna then the lambana is east and if Sun is 
west of the tribhona lagna, lambana is west 

Note that in the approximation here it has been assumed that zenith distances 
erf madhyalagna and tnbhona-lagna are equal (in fact these differ a little) 
This approximation does introduce some error in lambana 

(6) Compute also the lambana for the longitude of the Moon. 

If S L > A -90°, the Sun is east of tribhona-lagna In this case subtract the 
difference of lambanas of Sun and Moon from the ending moment of amavasya 
otherwise add the two. The result is the parallax corrected ending moment of 
amavasya. Compute the longitudes of Sun and Moon for this moment and re- 
calculate the lambanas and again the better lambana corrected ending mo- 
ment of amavasya. Go on correcting recursively till the results do not change 

Now compute the nati samskara for correcting the latitude of the Moon using 
the formula : 

( V - V„ ) x drkksepa 

nati = — i — a sL—l — •-£. — 

15 R 

= 49 drkksepa! R = 49 drkksepa! 3438 
s drkksepa! 70 

Apply the nati correction to the latitude of the Moon Using the parallax-corrected 
ending moment of amavasya and nofi-corrected latitude of Moon, compute the timing 
for 1st contact ( spar&a ), 2nd contact (sammilana — time for touch internally, indicat- 
ing full overlap) 3rd contact ( unmilana — start of getting out, indicating touch of the 
other edge internally) and the eclipsed fraction, aksa-valana, ayana-valana etc us- 
ing the same formulae as given in case of the lunar eclipse The only difference is that 
here the eclipsed and eclipsing bodies are Sun and Moon, while these were the Moon 
and Earth's shadow in case of the lunar eclipse 
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In the next chapter ( Panlekhadhikara ) Surya-siddhanta gives the method of depict- 
ing the phenomena of contcts etc diagrammatically using the mamkya-khanda and 
manantara-khanda (D 1 ± D 2 )/2 and the valanas (to indicate the directions of 1 st and 
last contacts) Such a diagrammatical depiction of eclipses is found almost in every 
standard text of Hindu traditional astronomy The details of the method employed are 
elaborately given by Mahavira Prasada Srivastava. 13 

The illustrative examples for computing lunar and solar eclipses are given by Mahavira 
Prasada Srivastava 14 and also by Burgess. 15 

It is worthwhile to discuss here how far successfully could Surya-siddhanta predict 
solar and lunar eclipses. It may be remarked that the methods as such are quite right 
but the data used sometimes lead to failure of predictions The main difference lies in 
the equations of centre to be applied to the Moon It may be remarked that the mean 
longitude of Moon in Surya-siddhanta is quite correct but the corrections like varia- 
tion, annual variation, evection etc (which result from expansion of gravitational 
perturbation function for the 3-body problem of Earth-Moon-Sun system in terms of 
Legendre polynomials of various orders) are lacking There are thousands of terms 
for correcting longitude of the most perturbed heavenly body, the Moon. At least 
nearly fifty or eleven or most unavoidably 4 or 5 corrections are required to be applied 
to the longitude of Moon and to its velocity, to get satisfactory results Even if only 
Munjala's correction (evection) is applied, there may result an error of the order of Vz° 
in longitude of Moon 16 even at syzygies 

It may be remarked here that the Surya-siddhanta (S.S.) applies only one equation 
of centre (the mandaphala) in the longitudes of Sun and Moon. In fact the amplitudes 
for mandaphalas of Sun and Moon were evaluated using two specific eclipses.These 
were so selected as follows : 

(1 ) One eclipse (solar or lunar) in which the Moon was 90° away from her apogee 
(or perigee) and Sun on its mandocca (line of apses) 

(2) Second eclipse in which the Sun was 90° away from its mandocca (or 
mandanica) and Moon was at her apogee. 

Although we do not have records of these eclipses for which the data on mandaphala 
were fitted, it is evident that the eclipses might have been so selected that in one case 
the mandaphala of one of them is zero and maximum for the other and vice-versa in 
the second case. It is clear that the amplitudes of mandaphalas in these cases will be 
the figures used in Surya-siddhanta. The maximum mandaphala (1st equation of 
centre) for Sun is 2° 1 0' and for Moon its amplitude is 5°. The actual value in case of 
Sun being 1°55' which along with the amplitude of annual variation 15' amounts to 
the amplitude (= 2° 10') given in Surya-siddhanta. This evidently indicates that the 
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annual variation got added to the equation of centre of Sun with the sign changed 
which is also clear if the above-mentioned cases of fitting of data are analysed theo- 
retically. It may be remarked that the S.S equation of centre of Moon does not have 
annual variation so that at least the tithi is not affected by this exchange of the annual 
vanation from Moon to the Sun (as the sign too got changed). 

Now it is evident that only those eclipses which conform to the situations given above, 
(for which the data fitting was done) will be best predicted and the eclipses in which 
the Sun, Moon are not at their above mentioned nodal points, may not be predicted 
well or may be worst predicted if they are 45° away from these points on their orbits 
The error in longitude of Moon is maximum near astami (the eighth tithi )' 7 and it is 
minimum upto Vz° near syzygies.There had been cases of failure of predictions in the 
past centuries and attempts were made by Ganesa Daivajna, Kesava and others to 
rectify and improve the results.The timings may differ or even sometimes in marginal 
case, the eclipse may not take place even if so predicted using data otSurya-siddhanta 
or sometimes it may take place even if not predicted on the basis of S urya-siddhanta 
The difference in timings (between the one predicted on the basis of Surya-siddhanta 
and the observed one) are quite often noted in some cases even by the common 
masses 18 and for that reason now pancanga-makers are using the most accurate 
data (although the formulae used in general are the same) for computing eclipses. 

The modern methods of computing eclipses use right ascensions and declinations, 
while Indian traditional methods use longitudes and latitudes and parallax in the end- 
ing moments of syzygies (and nati in latitude of Moon). The instantaneous velocities 
are not used The daily motions even if true, but without interpolations, on being used 
introduce errors. The locus of shadow cone and the geometry of overlap in the frame- 
work of 3-dimensional coordinate geometry is not utilised. The recursive processes 
do improve the result and the formulae as such are all right but the errors in the true 
longitudes and latitudes of Sun and Moon and in their velocities lead to appreciable 
errors. 

In fact even Bhaskaracarya in his Bijopanaya 19 discussed most important corrections 
like hybrids of annual variation but missed evection which was earlier found by Muiijala 
in his Laghunianasa. In 19th century A.D. Chandrasekhara gave annual variation. If 
corrections due to Munjala, Bhaskaracarya and Chandra Shekara are applied simulta- 
neously, results improve remarkably. 

In the last century of Vikrama Samvat and also in the last forty years of present 
century ofVikrama era many Indian astronomers like Ketakara 20 and others advanced 
the methodology of calculation of eclipses using longitudes and latitudes and pre- 
pared saranis (tables) for lunar and solar eclipses (for whole of global sphere). These 
tables yield very much accurate results. 
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APPENDIX 

If the Sun and Moon have equal declinations with same sign in different ayanas, the 
yoga was termed vyatipata and if the signs were oppostrte but still the magnitudes 
were equal in same ayanas then it was termed as vaidhrti (See Fig. 7.1-1(a)(b). In 
later developments the yogas were given a much more general meaning and these 
were defined as sum of longitudes of Sun and Moon. Yogas were defined as a con- 
tinuous function to know the time or day of Vyatipata and Vaidhrti yogas. The idea of 
using this parameter is easily expected because if the latitude of the moon's orbit is 
neglected then for equality of declinations, 

sin S L = sin M l 

where S L and M L stand for longitudes of Sun and Moon respectively which shows, if 
S L = M l , S l = 180°- M l or S L + M L = 180°. 

Thus the sum of longitudes was treated as a parameter. In order to study the vanation 
of this parameter there were defined 2 7 yogas in siddhantic texts.This attempt may be 
visualised as one of the earliest attempts to compute the day (or time) of eclipse or to 
have an idea of occurrence of eclipse. Jaina texts mention vyatipata and vaidhrti 
yogas. The Jyotiskarandaka gives a method of computing only vyatipata yogas in a 
5-year yuga. It may be noted that vaidhrti was first defined in Paulisa-siddhanta 
(300 B.C.) But the list of 27 yogas was computed by Mufijala (10th century A. D). The 
method of computing kranti samya (timings of equality of declinations) is given in all 
texts (see "Jyotirgamtam" Patadhikara). 



Parallel of declination of 
Sun 


Parallel of declination of 
moon at the time of vaidhrti 


Fig. 7.1 (b) 
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PARALLAX (LAMBANA) 


(Zenith) Z 



Fig. 7 2 

Theoretically computed positions of planets (using ahargana and equation of centre), 
are geocentric Since the observer is in fact on the surface of the Earth, a correction 
on that account must be applied at the time of observations. The difference between 
the positions of a planet as seen from the centre and from surface of the Earth is 
called lambana-samskara (parallax correction) or simply the lambana In siddhantic 
texts like Surya-siddhanta etc it is discussed in the beginning of the chapter on solar 
eclipse, as this correction depends upon the position of observer and the zenith 
distance of the planet at the time of observation and thus must be applied in astro- 
nomical phenomenon like eclipse. Geometrically we have shown the geocentric posi- 
tion P n of the planet P as seen by an observer at the centre of the Earth O The 
observer is at the point A on the surface of the Earth and his zenith being vertically 
upward point Z The position of the planet as seen from A is P 2 The angle Z APO is 
the lambana in the zenith distance of the planet This is given by 

R, 

sin p = -jJ- sin z 

where z = zenith distance 
R a = radius of earth 

R p =OP 

= distance of planet 
p = Z APO = lambana. 

It may be remarked that the parallax was appearing in the data on lunar observations 
in early astronomical traditions of pre-siddhantic period, because the observations 
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were being performed at the time of moonnse and moonest In these cases maxi- 
mum value of parallax (horizontal parallax) appeared in their data. \n Pur anas and in 
Jain literature in Prakrta 21 there are statements In which it is mentioned that Moon 
generating its mandalas travels higher than the Sun The statement is usually misin- 
terpreted as mentioning Moon being at larger distance from Earth than the Sun In 
fact in such statements the "height" means the latitudinal or declinational height in 
the daily diurnal motion in mmyjalas (i e in spiral-like paths) It is evident that Moon 
goes upto declinational height of 28° 5 and Sun only upto the declinational height of 
23° 5 in JambudvTpa In fact the statements give heights in units of yojanas which are 
just the heights like the ones above sea level Thus the statements in Puranas and 
Jama astronomical texts like Surya-prajhapti mentioning Moon travelling above the 
Sun, are justified. It is found that 22 510 yojanas = 25 max = 47° when 5^ is the maxi- 
mum declination (or obliquity) of Sun and the Moon goes higher than Sun by 
80 yojanas = {( 80 x 47)/510}° = 7°. 37 Thus using the data given in Prakrta texts of 
Jains it is found that latitude of Moon arnved at is 7°,37 The actual value of latitude 
of Moon including parallax is 6° 34 (the actual value without parallax = 5°). According 
to the Jain literature the estimated parallax of the Moon is quite large due to expen- 
mental errors In Paulisa-siddhdnta the latitude 23 of the Moon is given to be 4° 30', 
but one verse gives 4° 40‘ and there is also a verse 24 giving 7°.83.This very text gives 
parallax in longitude in terms of ghatikas to be added to or subtracted from the time 
of ending moments of amavasyd (new moon conjunction).The formula can be wntten 
in the following form 25 

parallax = 4 sin (hour angle of Sun) ghatis (1 ) 

In Surya-siddhanta we do not find much details in defining parallax geometncally but 
the later texts of thesiddhantic tradition have all relevant details The Surya-siddhanta 
starts discussing parallax in longitude and latitude stating that parallax in longitude 
Qianja) of Sun is zero when it is in the position of madhya-lagna 26 (ascendant 90°) 
and the parallax correction in latitude (nati or avanati) is zero where the northern 
declination of the madhya-lagna equals the latitude of the place of observation.These 
facts can be easily visualised applying spherical trigonometrical formulae to solve the 
relevant spherical triangles The Surya-siddhanta and other texts in Indian traditional 
astronomy discuss the parallax corrections in longitude and latitude only. 


Z 



Fig. 7.3 
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In Aryabhatiya the parallax is computed as follows 27 

Let Z be the zenith and M the point of intersection of the ecliptic and ZM, the meridian 
of the place of observation C is the point of shortest distance of the ecliptic from the 
zenith i.e ZC is perpendicular from Z to the ecliptic (Fig 7.3) Then madhyajya = 
chord sine of ZM = sin (ZM) 

udayajya = chord sine of MZC = sine (MZC) 

where bracket on the angular argument indicates that the trigonometric function is 
evaluated with standard radius (R) 

„ sin (ZM) x sin (MZC) 

Since Z ZCM = ?t/2, sin (MC) = 

R 

madhyajya x udayajya 
= R 

drkksepajya = ^{(madhyajya) 2 - ( sin 2 (MC))} ... (2) 

drggatijya = V{sin 2 (ZP) - ( drkksepajya ) 2 } 
where ZP = zenith distance of a point P on the ecliptic, sin (ZP) is called drgjya 

( drggatijya ) 2 = (drgjya) 2 - (drkksepajya) 2 (3) 


K 



This formula 28 can be proved as follows : 

In Fig. 7.4, CP is the ecliptic, P being the planet, K is the pole of ecliptic, Z the zenith 
of the observer, ZA the perpendicular from Z on the secondary KP. Since ZC J_ CP 
and ZA JL KP, sin 2 (ZA) = sin 2 (ZP) - sin 2 (ZC) 

sin (ZC) is drkksepajya and the chord sine of zenith distance ZP is drgjya Chord sine 
Of ZA is drggatijya. 
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Bhaskaracarya I (629 AD.) 29 in Mahabhaskanyam, followed Aryabhata's method 
Brahmagupta 30 in his treatise Brdhma-sphuta-siddhanta criticized the approach by 
Aryabhata. His objection is that drgjya is the hypotenuse, drkksepajya is the base, 
hence (2) is not valid, but we have shown that this is correct. 30 Brahmagupta's criti- 
cism is valid only if the arc between the central ecliptic point and the planet stands for 
drggati as defined by him. 

Brahmagupta's method of computing lambana is based on evaluating five R 
sines (chord sines) 31 as follows: 

(1 ) If 0 = the latitude of the place, 

8c = the declination of the ecliptic point (M) on the meridian. 
madhyajya (as already defined) = R sin (zenith distance of the mendian eclip- 
tic point) 

= sin (ZM) = sin (9+ 8c) 

(2) The R sine of the arc between ecliptic and equator on the horizon is udayajya 

sin sin £ 

a , where X = longitude of the point of ecliptic in the east 

cose 

e = obliquity of the ecliptic. 

(3) Drkksepajya is the R sine of the zenith distance of the central ecliptic point and 
is given by 

._ J/. „ . ( udayajya xmadhyajya \z\ 

drkksepajya = V \(madhyajyaf - ^ J J 


(4) Drggatijya is the chord sine of altitude of the central ecliptic point. 

drggatijya = V{R 2 - (drkksepajya) 2 } (4) 

Note the difference from eq.(2) 
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(5) drgjya = sin ( 2 ). It is given by 

drgjys = Vfa- ( )■} 


where S L = longitude of the Sun 

, , drgjya x Earth's semidiameter 

lambana = — — ■ 7 ■ - 

distance of the planet in yojanas 


(in mumtes of arc) 


In eclipse calculations the difference between lambanas of Sun and Moon is re- 
quired. So sometimes this difference is called lambana (the parallax for computation 
of eclipses). 


lambana P' 


{ (drgjya of Moon) 2 - (drkksepajya of Moon) 2 1% y 

Mnrtn'e tri la HFotonnn J 


-{ 


(drgjya of Sun) 2 - (drkksepajya) 


Moon's true distance 

Ye 


-} 


x 18 in minutes of arc 32 , 


Sun's true distance 
where the factor 18 is obtained from the value of the Earth's semidiameter 


This can be converted into ghatis using ratio proportion with difference between daily 
motions of the Sun and the Moon. 

p (in ghatis ) = x P' 
a 

where d is the difference between daily motions of Moon and Sun in minutes of arc. 

For solar eclipse, parallaxes in longitudes of Sun and Moon and the parallax correc- 
tion in latitude of the Moon (nati) are required. 

The nati is given by 

(drkksepajya of Moon) x 1 8 (drkksepajya of Sun) x 1 8 

nati — _ , in minutes of arc. 

Moon s true distance Sun s true distance 

Moon's true latitude = Moon's latitude ± nati. 

The Surya-siddhanta and Brahmagupta have computed the lambana and nati using 
the formulae : 

ghad , 

(sin 30° ) 2 s - 

where M = longitude of the meridian ecliptic point. 
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. drkksepajya ( V - V ) 

7Ia “ 1 — (in units of those of velocities) 

where V m and V 4 stand for the daily motions of the Moon and the Sun. 

Bhaskaracarya gave simpler algorithm for computing horizontal parallaxes of plan- 
ets. According to this algorithm the daily velocity of planet divided by 15 gives 
the parallax. 33 This formula is quite evident because the parallax of any planet is the 
radius of the Earth in the planet’s orbit. The radius of the Earth = 800 yojanas 
and daily velocity of each planet according to Surya-siddhanta is equal to 
11858.72 yojanas. We know that the ratio of the daily orbital motions = ratio of the 
orbits' radii. Hence 

_ „ velocity of planet , 

Parallax p = — (in units of those of velocity). 

15 

Since day = 60 ghatis, hence horizontal parallax is almost the angular distance trav- 
elled by planet in A ghatis It may be remarked that in fact the distances (in yojanas), 
daily travelled by planets are not the same, hence the results were inaccurate. The 
following table shows the figures for comparison. 34 

Table 7.1 . Table showing BhaskaraU's horizontal parallax for each planet and 

modem values. 


Planets 

Bhaskaracarya 's 

Modem observations yield 


horizontal parallax 

horizontal parallax 
Minimum 

Maximum 

Sun 

236”. 5 

8“ 7 

9“.0 

Moon 

3162" 3 

3186“ 

3720* 

Mars 

125" 7 

3" 5 

16“.9 

Mercury 

982M 

6" 4 

14\4 

Jupiter 

20“.0 

1". 4 

2*.1 

Venus 

384“.5 

5" 0 

31 ".4 

Saturn 

8”0 

0“.8 

1*0 


Note that only the parallax of the Moon is fairly correct. This resulted in reasonable 
success in predictions of eclipses. 

In later traditions for the computation of eclipses, Makaranda-sarani is famous. 
This has the following algorithms for computing lambana and nati 

(1 ) At the time of ending moment of amavasya compute Sun's declination = 8 S and 
declination of tnbhona-lagna A (= ascendant - 90°) = 8 A . 
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(2) Zenith distance of A = Z A = 5 A + 0, (+ ve if 0 and 5 A are oppositely directed, -ve if 
these have same direction). 

(3) If (-^-) 2 > 2 subtract 2 from this. 

(4) Compute hara = {(-~Y + [(~Tgf - 2 ]} ° +1 9° 

) ghatikas to be applied in ending 
moment of amavasya. 

If tnbhona-lagna A > S L then it is to be added to and if A < S L then it is to be sub- 
tracted from ending moment of amavasya. 

(6) 1 3 x lambcma = lambana in minutes of arc 

(7) Compute S u -Q±Z=a = lambana corrected latitude argument (Carakendra), 
where Cl = longitude of Rahu 

Using a as argument ( iarakendra ) compute latitude of Moon, as per algorithm 
given in the text (Makaranda-sdrani). Let it be denoted by P m . 

(8) A± 6 x P m = Zam&cma -corrected tribhona-lagna - A' (say) 

A‘ + angle Of precession = sayanatnbhona-lagna = A" (say). 

(9) Compute the declination corresponding to the longitude A". Let it be 5 A „. 

(10) 9 ± S A „ = zenith distance of lambana-coneded tnbhona-lagna = Z A . (say). 

(11) Compute (18- Z A „/ 1 0) Z A . / 1 0 in minutes of arc = y (say). 

(12) Compute 378 - y = Remainder (in minutes of arc) = r (say). 

(13) nati = y/r. It has same sign as that of Z A „. 

(14) Moon’s latitude ± nati = true latitude of Moon. 

Later Kamalakara Bhatta who compiled his Siddhdnta-tattva-viveka 36 in A.D. 1 656 
made an exhaustive analysis of the lambana and nati corrections. This is by far the 
most detailed analysis. He criticised Bhaskaracarya's approach as well as the treat- 
ment done by MunTSvara mSiddhanta-sarvabhauma and pointed out the approxima- 
tions, used by them in their derivations. It may be remarked that Kamalakara's treat- 
ment is probably the most exhaustive of all the treatments available in astronomical 
literature in Sanskrit. He has categorised lambana corrections in various elements 
and gave sophisticated spherical trigonometric treatment in order to study the values 


(5) lambana = [l4 - -)] x ( — -- - 

L '1010 
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in different geometrical positions for applications in solar eclipse computations 

It may be noted that in Indian astronomy, lambana is applied in observations of Moon, 
moonnse and moonset and in computing solar eclipses etc but it was never applied 
in uthis, which have same ending moments all over the global sphere. It was not 
applied in computing cusps of Moon but same should have been applied 37 

It may be pointed out that the advancements in developing formulae for comput- 
ing lambana and nati by Indian astronomers upto Kamalakara Bhatta (before New- 
ton) are very much appreciable, but these corrections were done in longitude and 
latitude only, in terms of parallax in zenith distance and no formulae for parallax 
corrections in right ascension and declination were developed because eclipses 
were calculated using ecliptic coordinates only and never the equatorial coordi- 
nates 


PRECESSION 

FromVedic and Post-Vedic literature, it can be easily inferred that the phenomenon of 
precession was qualitatively known to Indian astronomers of those times although its 
velocity was not known. We find the lists of lunar asterisms ( naksatras ), starting with 
Sravistha (Dhamstha-an asterism of lunar zodiac identifiable with the star alpha or 
beta Delphim) at the time of Vedanga Jyotisa 38 and the list found in Jain literature 39 
has asterism Abhijit (identified as star Vega, a-Lyrae) as the 1st asterism (the posi- 
tions of nodal points of ecliptic at the time of Surya-prajnapti are shown in the figure 
7 5), which clearly indicates that the starting naksatra was changed from time to 
time, whenever an appreciable change got accumulated in the position of winter sol- 
stice among the stars. According to B. G.Tilak 40 there were also times when spring 
equinox was in the constellation Mrgaslrsa (the "Orion") which corresponds to the 
position Of winter solstice in the asterism Uttarabhadrapada, 3 naksatras (about 40°) 
ahead of Dhamsthi naksatra In fact there were two types of traditions developed in 
vedic and post-vedic penod. 41 According to one tradition winter solstice marked the 
beginning of year and according to the second tradition the beginning of the year was 
with Sun's passage at spring equinox. At the time of the Satapatha Brahmana the 
spring equinox was near the constellation Krttikas (Pleiades) 42 Later this shifted to 
Bharani asterism at the time of Surya-prajnapti and to the asterism AsvinT (identified 
with the star alpha or beta Arietis) in the Siddhlntic period.These days the list of 
naksatras starts with ASvinT . No change was done by the astronomers of the siddhantic 
period. This is due to the reason that the mrayana (sidereal i.e. without precession) 
zodiac got accepted in the tradition, although the Hindu year was tropical (This fact 
will be discussed later). All the later treatises are using mrayana longitudes and their 
respective ayanamHas as 



226 


HISTORY OF ASTRONOMY IN INDIA 



MAGNITUDES SIDEREAL POSITIONS OFTHE FIRST POINT 

First • OFARIES(y)INDIFFERENTTIMES 

Second • M = Modern AD. 1984. 

Third • A = Zero point Of Alvin! naksatra A.D.285. 

Fourth • Pt = Ptolemy A D. 150. 

Fifth • H = Hipparchus 140 BC. 

J s Jain penod* 200 B.C. 

Penod of occurrence ofWinter solstice when sun's longitude used to be equal to 
that of beginning of Abhijit which is 630 muhiirtas (= 276°47') from ASvinT nakfatm 

Fig. 7.5 

The Zodiac through ages 

the difference between the analytically computed and observed positions of the Sun 
It may be noted that from early Vedic time upto the time of Brahmagupta including 
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Vedanga-Jyotisa, Surya-prajnapti, Pancasiddhdntika, Aryabhatiya, Brahmasphuta- 
siddhdnta etc only the sayana (tropical) longitudes were used. In earlier literature 
we clearly find change in the order of naksatras in the zodiac list after an accumulation 
of precession equal to 1 naksatra (= 13° 20') or more, but now the precession with 
respect to beginning of AsvinI is about 23°38' but 1 stnaksatra of the list has not been 
changed by any astronomer over about 2000 years Here in Fig 7.5, we have shown 
the position of spring or vernal equinox among the stars. Here the Jain period has 
been fixed around 200 B.C taking into consideration the list of naksatras in Surya- 
prajnapti 43 For comparison the position of the vernal equinox at the time of Hipparchus 
(1 40 B C ) too is shown in the diagram As pointed out earlier in Aryan traditions, the 
beginning of the year was taken with Sun's position at spring equinox or winter sol- 
stice, but after the time of Surya-prajnapti the vernal equinox position of ASvinT was 
almost exclusively taken as beginning of year and the winter solstice position got 
almost dispensed with in reckoning the beginning of the year 

Although Hipparchus (2nd century B.C.) 44 is accredited with the discovery and cat- 
egoric statement of the shift due to precession in the positions of stars with respect to 
spring equinox from the time of Timocharis of Alexandria (280 B C ) yet there is no 
doubt that even Vedic Hindus shifted the zero of their zodiac from time to time and 
thus, were knowing the phenomenon of precession. Ptolemy (A.D. 150) gave the 
velocity of precession to be about 36' per annum which was improved by later as- 
tronomers. In the Indian tradition, although the 1st naksatra in the lists was changed 
from time to time, with changes in the position of spring equinox, the actual magni- 
tude and rate of precession in the Hindu tradition is not found before siddhantic 
period After the advent of siddhantic (theoretical) astronomy, Visnucandra in Vasistha 
Siddhdnta mentions the yuga of ayana (precession) 4546 which gives the rate of pre- 
cession as 57' p. a. 45 47 The phenomenon is referred to in Romaka Siddhdnta also 46 
and it is argued that the shift of solstices among stars is not possible without preces- 
sion of equinoxes These authors were criticised by Brahmagupta, 45 Bhaskara I 49 (A D 
600) etc. Varahamihira mentioned the ayana calana hypothesis 50 and suggested veri- 
fications through actual observations. 51 In fact because of small angle of precession 
or due to no belief in ayana cafowwz-hypothesis, the precession was ignored by 
Aryabhata, Bhaskara I and Brahmagupta etc It was Munjala (10th century A D.) who 
started using ayanamsa which had accumulated to about 6° by that time. Probably at 
that time, there was confusion in samkrdntis (Solar ingresses or transits from one 
sidereal sign to the next) and he had to remove the confusion by fixing the value of 
ayahamia through experimental observations. Visnucandra and MuRjala believed in 
uniform regression of equinoctial point up-to complete cycle, while present Surya- 
siddhdnta uses the hypothesis of oscillatory motion (trepidation) of equinoxes (This 
hypothesis will be discussed in details in the next section). The rate of precession 
according to Visnucandra is about 56“.9 p.a. (number of cycles in a kalpa = 189411) 
According to MuRjala the rate is 59".2 p.a. (number of cycles in a kalpa =199669) 
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These are uniform regressional motions According to Surya-siddhanta the cycle of 
oscillatory motion has a period of 7200 years, but it is strange that rate of precession 
is again uniform 54" p.a and it is not oscillatory which is against laws of oscillatory 
motion 


R 



Fig 7.6 The technique used for horizontal observation mSUrya-prajfiapti and Sulba-Sutras 


THE LENGTH OF SOLAR YEAR, SIDEREAL OR TROPICAL 

In Veddnga-jyotisa the length of solar year was taken to be 366 days and this was 
used in Vedanga calendar of 5-year yuga having two intercalations in 5 years. 
Later in Surya-siddhanta we find the solar year to be equal to 365 days 1 5 ghatis 31 
palas and 30 vipalas (365 d 6 h 12 m 24 s ) In fact, methods for determining solaryearare 
given in Surya-prajhapati (and !5ulba-sutras) At that time there was not known any 
distinction between tropical and sideral years The Sun was observed while rising and 
setting every-day, throughout the year. The length of the year was computed by counting 
the number of days and a fraction thereof on the last day at any of the cardinal points 
preferably solstices, as the Sun appears to be stationary there In Fig. 7 6 is given 
the experimental technique described in Surya-prajfiapti. 

At winter solistice Q one starts observing the Sun while rising in the east with the 
help of a stick or a natika (tube). 62 A davarika (thread) PQ was also used in these 
experiments. The arc PRQ is graduated in 124 divisions and 124 subdivi- 
sions in the fashion of Vedanga astronomical tradition (number 124 being the total 
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number of syzygies in 5 year yuga) P is the summer solstice position of the Sun At 
this point the fraction of the day is computed using ratio proportion and it was esti- 
mated that on the last day it went up to 144 (=124 +20) subdivisions (i.e. 20 subdivi- 
sions in excess) and same situation occurred on the winter solstice day on Sun's 
return journey This way the length of the year can be shown to be {365 + (2 x 20)/1 24} 
= 365 j days 53 Generally it is believed that Indian astronomers did not determine the 
length of solar year experimentally and adopted the value as given in Surya-siddhanta 
from external sources but this decoding of experiment on determination of solar year 
in Surya-prajnapti disproves this hypothesis Such experiments were being performed 
in early vedic times too The earliest report on such observations is found in Axtareya 
Brahmana 54 The position of Sun at any point on the horizon of any locality is speci- 
fied by its declination, so it is evident that this method will yield tropical year and not 
the sidereal year Thus it is clear that by the word "year” the Hindu astronomers of 
pre-siddhantic period meant tropical ( sayana ) year. In fact they were not aware of 
sidereal ( mrayana ) year This very traditional way of determining solar year is found 
in the Siddhanta siromam of Bhaskaracarya and other Siddhantic texts but we do not 
find any method of determining really sidereal year in any Siddhantic text of Indian 
Astronomy In fact almost the same was the situation in other traditions of olden 
times. It was Piccard who actually determined the sidereal year length by taking 
record of right ascensions of Sun at specific times with an interval of 76 sidereal 
years (AD 1699-1745) 56 

From what has been discussed, it is evident that the Hindus in fact never intentionally 
used sidereal year In all experimental methods (described in Siddhantic texts) one 
gets only the tropical year and never sidereal year This way one can infer that it was 
error in the determination of solar year (of the order of 24 minutes in excess to the 
actual tropical year) 58 which was responsible for creating confusion of taking tropical 
year for the sidereal year. There is no doubt that this value got into use in Hindu 
traditions and now no almanac maker is ready to accept tropical year for religious 
Hindu calendar It is also possible that they intended to use year in sidereal sense but 
it happened to be tropical year within the available means they adopted to measure 
the "year" in general sense 

HYPOTHESIS OF TREPIDATION OF EQUINOXES 

Inspite of the fact that the year-length in Indian tradition was intended to be tropical, 
the sidereal year got enforced into use umtentionaly. The later astronomers started 
believing in the hypothesis of trepidation of equinoxes, according to which the spnng 
equinox oscillates (trepidates) upto ±27° on both sides of the fixed zero of zodiac. It 
takes about 27000 years to complete this cycle This way the zero of the zodiac was 
thought to get restored twice in each cycle and thus the same was not changed 
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instead the return was awaited, after it reached 27° from the Asvim naksatra 

It may be pointed out that Aryabhata II and Paralara believed in ±24° amplitude of 
trepidation 57 The rate of precession adopted by Aryabhata II was 46" 5 p a 58 It may 
be remarked that neither Munjala nor Bhaskaracarya nor others in Hindu astronomical 
tradition, have categorically mentioned the oscillation of equinoxes. Only in the present 
recension of Surya-siddhanta, we find a statement 59 which gives the method of 
computing ayanamsa using throughout a constant velocity of 54" p.a In this method, 
27° get subtracted adhoc whenever it goes in excess to this amplitude This has no 
mathematical or physical validity (as, unless velocity is gradually reduced to zero, its 
direction cannot change) 60 Moreover, even in Surya-siddhanta, the relevant Slokas 
evidently appear to be added later on; as these use a different style of enumerating 
figures by actual numbers and not as usual (in all other parts) by symbols like netra 
(eyes) = 2, candra (Moon) = 1 , etc Also in the body of the text, there is no use of 
ayanamSa as such in computing lagna (ascendant) etc There is just a general state- 
ment asking the use of ayanamsa for computing gnomomc shadows, ascensional 
differences etc., in that very sloka, where the formula for computing the same has 
been given. 61 

Even ancient records show that ayanam&a was greater than 27° For example, at the 
time of Satapatha Brahmana when Krttikas are said to rise in the east, 82 the ayanamsa 
comes out to be 45° Thus it is not worthwhile to wait for ayanamsa to accumulate to 
a value greater than 27° in future, and keep on believing the hypothesis of trepidation 
of equinoxes. The law of gravitation has discarded this hypothesis and explained the 
phenomenon of full cycle of precession on the basis of the torque exerted by Sun and 
Moon on the spheroidal earth. 

Brenand 63 and Vijnanananda Swim! 64 tried to explain the oscillatory motion of the 
ayana by taking projections of ecliptic, solstitial colure etc , in one plane, but such an 
argument may hold for any value of maximum amplitude of the angle of precession 65 
In our opinion the oscillations described in Surya-siddhanta may not mean more 
than the declinational north south oscillations of stars on the eastern horizon due to 
precession of equinoxes over the period of 27000 years Thus the hypothesis of trepi- 
dation of equinoxes has no physical validity. On the other hand, the theory of preces- 
sion of equinoxes and its full cycle, is the final verdit of the law of gravitation. 

ZERO POINT OF HINDU ZODIAC AND VARIOUS SCHOOLS OF AYANAM$A 

As we have pointed out earlier, the zero point of the zodiac got fixed at ASvml after 
Surya-prajhapti (B.C 200) when theoretical astronomy started. The various trea- 
tises took their own computed position of the Sun-to be exact and defined Xheayaiwm&a 
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as the difference between its observed and computed positions Thus the velocity of 
ayana was erroneous. The sidereal solar year adopted in Surya-siddhanta is in ex- 
cess to the actual value (determined by Piccard by taking observations over a range 
of 76 years)* by about 814 palas (=3 6 minutes). Due to this error the analytically 
computed celestial sidereal longitude of the Sun will be erroneous and as a conse- 
quence, the sidereal zero of the zodiac is invariably expected to be changed if one 
adopts the siddhantic definition of ayanamia and its velocity The velocity of precession 
according to Surya-siddhanta is 54" per annum while according to Graha-laghava it 
is 60" per annum and other texts have somewhat different velocities These velocities 
include also the errors due to inaccuracies in the measurement of solar year. As 
already pointed out, the solar year as determined by the methods described above, is 
tropical ( sayana ). In fact there is a difference of about 20 minutes between the 
sayana and mrayana years, (nirayana year being in excess). The methods adopted 
for determining the length of year were erroneous to the extent that error of the order 
of 20 minutes masked the difference between the two solar years and in fact, because 
of no notion of the difference between the two, the tropical year so determined, with 
that much error, got adopted as sidereal year and it happened to be in excess (by 
about 3.6 minutes) to the actual sidereal year length. As a result of adopting this year 
length and Sun's longitude as exact, zero of the zodiac went on shifting from the 
actual position and about 31fe degrees got accumulated in about 2000 years (since the 
time of switch over from Vedahga traditional calendar of 5 year yugas, to the siddhantic 
tradition of calendar making) In the last decades of 1 9th century A.D traditional 
pancanga-makers were trying to fix the zero of Hindu zodiac by adopting the modern 
value for precessional velocity or by back calculating the position of spnng equinox in 
conformity with the data of Surya-siddhanta or other standard treatises of Indian 
tradition. Since the polar longitudes of stars etc. given in Surya-siddhanta cannot 
yield a consistent ayanamia, the problem of ayanamia remained a vexed question 
There were many rival publications by Govinda Sada Siva Apte and Dina Natha Shastri 
Chulet and many others 67 These conflicts gave rise to two different prominent schools 
Rawata paksa and Citra paksa among the followers of the modern school (called the 
Drk-paksa, the school believing in observations). The third one being the Surya- 
siddhanta school which has erroneous rate of precession. According to the Rawata 
paksa the ayanamia is about 314 degrees less than the value in the Citra school. If 
the zero of zodiac is defined as the position of spring equinox at the time of switch 
overfrom the Vedanga to siddhantic tradition ofpanconga-making, the Raivatapaksa 
has sound justification, because if year length had 814 palas error, the same must 
have been accumulated. According to the exponents of Citra school the zero is 180° 
away from 1st magnitude star Spica or a-Virgins (Citra). In fact the authors of vari- 
ous treatises over the past 1 500 years too, did try to fix the zero of Hindu zodiac from 
time to time. Zeros of the zodiac are different in various treatises as tabulated below.® 
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Siddhanta-text 

Year of zero ayanamia 

Present Surya-siddhanta, Vasistha-siddhanta etc 

421 Saka 

Munjala's Laghumdnasa 

449 «• 

Rajamrganka * Karanaprakaia , Karana Kutuhala 

445 - 

Grahalaghava 

444 « 

Bhasvati-karana 

450 ■ 

Second Aryabhata Siddhanta 

527 . 

Bhatatulya (by Damodara) 

342 .. 


* It is interesting to note that one of the manuscripts of Rajamrganka has no ayanamsa 
formula It is guessed that ayanamsa was added after grahalaghava, which indicates 
that ayanamsa took long time to get into common use 69 

It is clear that there were attempts to fix the zero of the zodiac to dates before Aryabhata 

Note that changes in zero of zodiac were done upto the time of Grahalaghava (1 6th 
centuiry A D) Thus there were quite different years of zero ayanamsa as shown in 
the table above Indian Calendar Reform Committee 70 under the Chairmanship of 
late Prof M N Saha analyzed the problem using polar longitudes of stars given in 
the Surya-siddhanta and concluded that the zero was being fixed again and again by 
different Jyotisacaryas in their own times. There exists difference upto over 3° or so in 
different treatises of astronomy, but certainly the zero of Hindu zodiac is about 2° 
removed from that of Ptolemy's. From this analysis it is clear that it is not the zero of 
the Vedanga zodiac which we have in modern Surya-siddhanta Thus not going by 
any old text, the followers of Citra paksa fixed the zero at that very point to which the 
equinox had shifted upto 1 800 Saka or so (as used by V. B. Ketakara) 71 and adopted 
the accurate value of precessional velocity so that no more error is accumulated in 
future years. A fact has to be stated that previously V. B. Ketakara too published 
Jyotirgamtam using Raivata paksa ayanamsa, but on the advice of Shankara Bala 
Krishna Dikshit, he destroyed all copies of the same and rewrote and published the 
Citra paksa Jyotirgamtam. He even deleted a Sloka 72 (on the advice of S B Dikshit) 
in which he had clarified that it was the Raivata paksa which was justified but be- 
cause of its unacceptability in the social practices he started Citra pak^a which would 
go parallel to Surya-siddhanta for a century or so and thus get adopted by that time 
The Calendar Reform Committee has advised to fix the ayanam§a at 23° 15' (a value 
for Jan 0, A D 1 955) and started taking most accurate expressions for precessional 
velocity and also the nutation. The Committee proposed a Sayana &aka year begin- 
ning with 21st March (22nd March in case of leap year) but it could not be accepted by 
traditional pahcdnga makers The zero of zodiac in this system is moving with same 
velocity as that of precession but it will always be at a constant distance of 23°15‘ 
from the position of spring equinox For defining lunar months it will be a good plan if 
the constant precession 23°5‘ is used without further change with the precessional 
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velocity 73 This way the lunar months will be defined with respect to sayana longitude 
of the Sun minus 23° 1 5' at the ending moment of respective amavasyas This way, the 
change in the limits of lunar months with respect to tropical calendar (say Gregorian 
Calendar) accumulated up to A D. 1 955, will not increase any more in years to come 
Consequently the lunar months will get pegged on to sayana solar year and this 
change may not be noted by ordinary people to result in disorders in social practices 
This way the lum-solar religious calendar will conform to seasons at least to the 
extent it was in A.D 1955. But this technique cannot be accepted unless it gets the 
sanction of Hindu religious authorities Since the names of lunar months are con- 
forming to the asterisms occupied by the Moon at the ending moments of full-moon 
syzygies and many festivals are related with asterisms, the pahcanga makers find it 
difficult to adopt the constant precession system for deciding religious rites This is 
the reason why the proposals of the Calendar Reform Committee did not receive 
recognition and in near future there is no hope to switch over to sayana system or 
constant precession system of calendar-making for Hindu religious rites 
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PHASES OF THE MOON, RISING AND 
SETTING OF PLANETS AND STARS 
AND THEIR CONJUNCTIONS 


K. S. SHUKLA 


INTRODUCTION 

It has been known from time immemorial that the Moon is intrinsically a dark body but 
looks bright as it is lighted by the Sun. There is an oft-quoted statement in the 
Yajuneda 1 which describes the Moon as sunlight. As the Moon revolves round the 
Earth its lighted portion that faces us is seen by us in successively increasing or 
diminishing amounts These are called the phases of the Moon. 

When the Sun and the Moon are in the same direction, the face of the Moon which is 
turned towards us is completely dark It is called new-moon and the marks the begin- 
ning of the light fortnight When the Moon is 12 degrees ahead d If the Sun, it is seen 
after sun-set in the shape of a thin crescent As the Moon advances further this 
crescent becomes thicker and thicker night after night When the Moon is 180 de- 
grees away from the Sun, the Moon is seen fully bright It is called full-moon. The light 
fortnight now ends and the dark fortnight begins. The phases are now repeated in 
reverse order until the Moon is completely dark at the end of the dark fortnight when 
the Sun and Moon are again in the same direction. 

Vatelvara says 1 

"The Sun's rays reflected by the Moon destroy the thick darkness of the night just as the 
Sun's rays reflected by a clean mirror destroy the darkness inside a house 2 

"In the dark and light fortnights the dark and bright portions of the Moon (gradually) in- 
crease as the Moon respectively approaches and recedes from the Sun" 3 

"On the new-moon day the Moon is dark, in the middle of the light fortnight, it is seen 
moving in the sky half-bnght; on the full moon day it is completely bnght as if parodying 
the face of a beautiful woman " 4 

"The crescent of the Moon appears to the eye like the creeper of Cupid's bow, bearing the 
beauty of the tip of the Ketaka flower glorified by the association of the black bees, and 
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giving the false impression of the beauty of the eyebrows of a fair-coloured lady with 
excellent eyebrows “ B 

“When the measure of the Moon's illuminated part happens to be equal to the Moon's semi- 
diameter, the Moon looks like the forehead of a lady belonging to the Lata country (South- 
ern Gujrat) “* 

Similar statements appear in the writings of Varahamihira and other Indian astrono- 
mers 


PHASE AND SITA 

In Modern astronomy the phase of the Moon is measured by the ratio of the central 
width of the illuminated part to the diameter. In Indian astronomy it is generally meas- 
ured by the width of the illuminated part itself which is called sita or sukla The width 
of the unilluminated part, which is equal to the Moon's diameter minus the Sita', is 
called Asita. 

The Purva-khandakhadyaka of Brahmagupta, which summarizes the contents of 
Aryabhata I's astronomy based on midnight day-reckoning, gives the following ap- 
proximate rule to find the sita in the light half of the month : 

“The difference in degrees between the longitudes of the Sun and the Moon, divided 
by 1 5, gives the iukla (in terms of angulas)." 7 

Stated mathematically, it is equivalent to the following formula : 

sita = - anguiaS' 

15 

where S and M denote the longitudes of the Sun and the Moon respectively, in terms 
of degrees. This formula may be obtained by substituting 
Moon's diameter = 12 angulas 
in the general formula : 

(M-S) x Moon's diameter ... 

sita — — UJ 

180 

Bhiskara I (629), a follower of Aryabhata I, who claims to have set out in his works the 
teachings of Aryabhata I, however, gives the following rule : 

"(In the light fortnight) multiply (the diameter of) the Moon's disc by the R versed-sine of the 
difference between the longitudes of the Moon andthe Sun (when less than 90®) and divide 
(the product) by the number 6876 the result is always taken by the astronomers to be the 
measure of the sita. When the difference between (the longitudes of) the Moon and the 
Sun exceeds a quadrant (i e. 90°), the sita is calculated from the R sine of that excess, 
increased by the radius 
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“After full moon (i e in the dark fortnight), the asita is determined from the R versed-sine of 
(the excess over six or nine signs, respectively, of) the difference between the longitudes of 
the Moon and the Sun in the same way as the sita is determined (in the light fortnight) ” 8 


That is to say • 

(i) In the light fortnight (i iukla-paksa ) 


sita = 


R versin (M-S) x Moon's diameter 
6876 


if M-S 5 3 signs, i.e. if it is the first half of the fortnight; and 

[R + Rsm (M-S- 90°)] x Moon's diameter 
6876 


if M-S>3 signs, i e if it is the second half of the fortnight 
(ii) In the dark fortnight (krsna-paksa) 


asita = 


R versin (M - S -180°) x Moon's diameter 
6876 


if M-S >6 signs, i.e. if it is the first half of the fortnight; and 

[(R+Rsin (M-S- 270°)] x Moon's diameter 
" 6876 ’ 

if M-S>9 signs, i.e if it is the second half of the fortnight. 

Bhaskara i's contemporary Brahmagupta (628) gives the following rule, which is a via 
media between the above two rules : 

"One half of the Moon's longitude minus Sun's longitude, multiplied by the Moon's diameter 
and divided by 90, gives the sita This is the first result 

"When the Moon's longitude minus Sun's longitude, reduced to degrees, is less than or 
equal to 90°, take the R versed-sine of that, and when that exceeds 90°, take the R sine of 
the excess over 90° and add that to the radius Multiply that by the measure of the Moon's 
diameter and divide by twice the radius (i e.by2x3438 or 6876) This is another result The 
former result gives thestfa in the night and the latter in the day One half of their sum gives 
the same dunng the two twilights " 9 

That is . 

(,) for night 1(M-SV2] x Moon's demeter _ 

90 

M-S being in degrees. 


R versin (M-S) x Moon's diameter 


(ii) sita for day = 


2R 
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If M-SS90 0 , or 


[R+R sin (M-S-90 9 )] x Moon's diameter 
2R 


if M - S > 90° (R =3438) 


(m) sita for twilights = 


sita for day + sita for night 


These formulae obviously relate to the light half of the month 


Vatesvara 10 (904) and Sripati 11 (1039) have followed Brahmagupta. Lalla 12 gives the 
two results stated by Brahmagupta, treating them as alternatives But whereas his 
commentator Mallikarjuna Suri (1178) interprets them as alternative rules, his other 
commentator Bhlskara n (1 1 50) makes no distinction between the rules of Brahmagupta 
and Lalla and interprets them in the light of Brahmagupta's rules. Bhaskara n has also 
attempted to explain why different formulae were prescnbed for day, night and twilights 
He says • “The first sita, being based on arc, is gross This is to be used in the 
graphical representation of the Moon in the night, because then there is absence of 
the accompaniment of the Sun’s rays The second sita, being based on R sine, is 
accurate. This is to be used in the graphical representation of the Moon in the day, 
because then the Moon's rays being overpowered by the Sun's rays are not bright. 
During the twilights, the sita should be obtained by taking their mean value, because 
then the characteristic features of the day and night are medium " 13 


Aryabhata n 14 (c 950) and Bhaskara II 15 have prescribed the first result of Brahmagupta 
for all times. The method given in the Surya-siddhanta 16 is also essentially the same 
The difference exists in form only 


According to Bhaskara n 17 the sita amounts to half when the Moon's longitude minus 
Sun's longitude is 85° 45', not when it is 90° as presumed by the earlier astronomers 
This means that he understood that the sita varies as the elongation of the Earth from 
the Sun (as seen from the Moon) and not as the Moon's longitude minus Sun's longi- 
tude However, he has not stated this fact expressly, nor has he attempted to obtain 
the Earth's elongation from the Sun Instead, he has applied a correction to the Moon 
in order to get the correct value of the sita.' 6 


The astronomers who succeeded Bhaskara II have calculated the sita from the i actual 
elongation of the Moon from the Sun and not from the difference between the Moon s 
longitude and the Sun's longitude. Since the actual elongation of the Moon from the 
Sun was the same as the angular distance from the discs of the Sun and Moon, these 
astronomers have called it bimbantara ("the disc interval") and have calculated the 
situ by using it in place of the Moon's longitude minus Sun's longitude. 
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The sita really varies as the versed sine of the elongation of the Moon from the Sun 
(or more correctly as the versed sine of the elongation of the Earth from the Sun as 
seen from the Moon), not as the elongation of the Moon from the Sun (as measured 
on the ecliptic). So Brahmagupta's first result is gross and has been rightly criticized 
by the author of the Valana-irngonnati-vasana "Brahmagupta and others (who have 
followed him)" says he, "have not considered the nature of the arc relation " 19 The rule 
given by Bhaskara I, however, is fairly good for practical purposes 

SPECIAL RULES 

Manjula (932), the author of the Laghu-manasa, gives the following ingenious rule : 

“The number of karanas elapsed since the beginning of the (current) fortnight diminished 
by two and then (the difference obtained) increased by one-seventh of itself, gives the 
measure of the sita if the fortnight is white or the asita if the fortnight is dark " 10 

That is • 

sita = (K-2) (1+1/7) ahgulas, 

where K denotes the number of karanas elapsed in the light fortnight, the diameter of 
the Moon being assumed to be 32 angulas. 

As the Moon is visible only when it is at the distance of 12 degrees from the Sun, i.e 
when two karanas have just elapsed, so the proportion is made here with 180-12 = 
168 degrees, instead of 180 degrees If M and S denote the longitudes of the Moon 
and Sun in terms of degrees, the proportion implied is . When M-S-12 degrees 
amount to 168 degrees, the measure of the sita is 32 angulas, what will be the 
measure of the sita when M -S-12 degrees have the given value?" The result is : 

■»- <M - s rr x32 - 0 ^- 2 ) 0+1/7) 

= (K-2) (1+1/7) angulas. 

Similar is the rule stated by GaneSa Daivajfia (1520) : 

“The number of tithis elapsed in the light fortnight diminished by one-fifth of itself gives the 
measure of the sita.“ u 

That is : 

sita = (1 -1/5) T angulas, T being the number of tithis elapsed in the light fortnight 
and the Moon's diameter being assumed to be equal to 1 2 angulas. 

Ganesa Daivajna has applied proportion with the tithis elapsed in the light fortnight. 
His proportion is : "When on the expiry of 15 tithis the sita amounts to 12 angulas, 
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what will it amount to on the expiry of T tithis^" The result is : 
sita = ~J~ = (i -1/5) T angulas. 

ID 

Both the above rules are approximate 

It will be noticed that GaneSa Daivajna's formula is the same as the first result of 
Brahmagupta The difference is in form only 


GRAPHICAL REPRESENTATION OF THE SITA 

The Indian astronomers have also stated rules to exhibit the sita graphically. It enabled 
them to know which of the two lunar horns was higher than the other at the time of the 
Moon's first visibility, the knowledge of which is of importance In natural astrology 

Bhaskara I and other early astronomers have exhibited the sita by projecting the Sun 
and Moon in the plane of the observer's meridian. They have first constructed a 
rightangled triangle MAS, in which S denotes the projection of the centre of the Sun, 
M the projection of the centre of the Moon, and MA the projection of the altitude- 
difference of the Sun and Moon, all in the plane of the observer's meridian AS, the 
horizontal side of this triangle, is called the base, MA, the vertical side, the perpen- 
dicular or upright, and MS, the hypotenuse. 

Describing how the construction of the sita is to be done at sun-set in the first quarter 
of the lunar month, Bhaskara I says • 

“Lay off the base from the Sun in its own direction (Then) draw a perpendicular-line pass- 
ing through the head and tail of the fish-figure constructed at the end (ofthebase) (This) 
perpendicular should be taken equal to the R sine of the Moon's altitude and should be laid 
off towards the east The hypotenuse-line should (then) be drawn by joining the ends of that 
(perpendicular) and the base 11 

"The Moon is (then) constructed by taking the meeting point of the hypotenuse and the 
perpendicular as centre (and the semi-diameter of the Moon as radius), and along the 
hypotenuse (from the point where it intersects the periphery of the Moon) is laid off thesita 
towards the intenor of the Moon 

'The hypotenuse (indicates) the east and west directions; the north and south directions 
should be determined by means of a fish-figure (Thus are obtained the three points, viz ) 
the north point, the south point, and a third point obtained by laying off thesrfa. (Now) with 
the help of two fish-figures constructed by the method known as tnSarkamuidhana draw 
the circle passing through the (above) three points. Thus is shown, by the elevation of the 
lunar horns which are illuminated by the light between two circles, the Moon which destroys 
the mound of darkness by her bundle of light 012 

Fig. 8 1 , illustrates how the construction is made at sunset in the first quarter of the 
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month AS and M are the projections of the centres of the Sun and Moon in the plane 
of the observer's meridian, and MA the projection of the Moon's altitude in the same 
plane. 


X 



Fig 81 

The triangle MAS is right-angled at A, SA is called the base, MA the perpendicular or 
upright, and MS the hypotenuse of this triangle. In the present case the base lies to 
the south of the Sun and the upright to the east of the base The circle centred at M is 
the Moon's disc, i e.the projection of the Moon's globe in the plane of the observer's 
meridian The point W where MS intersects it is the west point of the Moon's disc. E, 
N and S' are the east, north and south points WC is the Stoa which has been laid off, 
in the present case, from the west point W towards the interior of the Moon's disc. 
NCS' is the circle drawn through N, C and S'. The shaded portion of the Moon's disc 
between the circles NWS' and NCS' is the illuminated part of the Moon’s disc; the 
remaining part of the Moon's disc does not receive light from the Sun and remains 
dark (asita) and invisible 

Let GH be drawn perpendicular to MA through M Then the Moon's horn which is 
intersected by it lies to the north of the upright MA. This is the higher horn. The 
elevation of this higher horn is measured by the angle NMH. The other horn, viz 
CS'W, which is not intersected by GH is the lower one It lies to the south of the 
upright MA. So in the present case the northern horn is the higher one 

If the figure be held up with MA in the vertical position, the Moon in the sky will look 
like the shaded portion in the figure. This is what was intended. 

The author of VneSurya-siddhanta has followed the method of Bhaskara I. Describing 
the construction of the sita, at sun-rise in the last quarter of the month, he says . 
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"Set down a point and call it the Sun. From it lay off the base in its own direction. From the 
extremity of that lay off the upright towards the west. Next draw the hypotenuse by joining 
the extremity of the upright and the point assumed as the Sun. Taking the junction of the 
upright and the hypotenuse as centre and the semi-diameter of the Moon at that time as the 
radius, draw the Moon's disc Now with the help of the hypotenuse (assumed as the east- 
west line), first determine the directions (relative to the Moon's centre). From the point 
where the hypotenuse intersects the Moon's disc lay off the sita towards the intenor of the 
Moon's disc Between the point at the extremity of the sita and the north and south points 
draw two fish-figures From the point of intersection of the lines going through them (taken 
as centre) draw an arc of a circle passing through the three points As the Moon looks (in 
the figure) between this arc and the eastern penphery of the Moon's disc, so it looks in the 
sky that day If the directions are determined with the help of the upnght, the hom which is 
intersected by the line drawn at nght angles to the upright through the Moon's centre is the 
higher one The shape of the Moon should be demonstrated by holding up the figure keep- 
ing the upright in a vertical position ■*» 

The construction given by Lalla is more general He says : 

“Take a point on the level ground and assumed it to be Sun From this point lay off the base 
in its own direction (north or south) From the point reached lay Off the upright If the Moon 
is in the eastern hemisphere, the upright should be laid off towards the western direction; if 
the Moon is in the western hemisphere, it should be laid off towards the east. The hypot- 
enuse should then be drawn by joining the extremity of the upright and the point assumed 
as the Sun. The Moon's disc should (then) be drawn by taking the junction of the hypot- 
enuse and the upnght as the centre The hypotenuse-line here goes from west to east. 
The remaining (north and south) directions should be determined by means of a fish- 
figure All this should be drawn very clearly with chalk. From the west point lay off the sita in 
the light fortnight or theasifa in the dark fortnight (towards the interior of the Moon's disc). 
Taking the point thus reached, as also the north and south points (on the Moon's disc) as 
the centre draw two fish-figures Where the mouth-tail lines of these fish-figures meet, 
taking that as the centre draw a neat circle passing through thesifti-point inside the Moon's 
disc to exhibit the illuminated portion of the Moon.The direction in which the angu&K of the 
base have been laid off gives the direction of the depressed hom; the other horn is the 
elevated one .'' 24 

Aryabhata II and Bhaskara II have omitted the construction of the triangle MAS.They 
have drawn the Moon directly with any point in the plane of the horizon as centre 
Then they draw the direction-lines, i.e. the east-west and north-south lines. Assuming 
the north-south line as the same as the line XY of Fig. 8 1 , they lay off ED (drawn 
orthogonally to the upright) which they call digvalana (“direction-deflection"). Having 
thus obtained the point E they draw EW, the line joining the Sun and Moon. After this 
their procedure ® the same as thdt of Bhaskara I.The digvalana ED is evidently equal 
to 

SA x Moon's diameter 
MS 

which follows from the comparison of the similar triangles MED and MAS. See 
Fig. 8.1. 
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Brahmagupta does not project the Sun and Moon in the observer’s meridian or any 
other plane. He keeps them where they are. So in the triangle MAS, which he con- 
structs, M and S denote the actual positions of the centres of the Sun and Moon, AS 
is parallel to the north-south line of the horizon, and MA is perpendicular from M on 
this line. The Moon’s disc is drawn in the plane of MAS with M as the centre. The 
laying off of the sita and the construction of the inner boundary of the sita is done as 
before. 

Brahmagupta has been followed by Lalla and SrTpati Vatesvara too follows Brahmagupta 
except in the case of sun-set or sunnse where he follows Bhaskara I 

Bhaskara II has pointed out a fallacy in the method of Brahmagupta. He says “When 
the sita of the Moon is graphically shown in the way taught by him, using his base and 
hypotenuse, the lunar horns (shown in the figure) will not look like those seen in the 
sky This is what I feel Those proficient in astronomy should also observe it carefully 
For, at a station in latitude 66°, the ecliptic coincides with the horizon and when the 
Sun is at the first point of Aries and the Moon at the first point of Capricorn the Moon 
appears vertically split into two halves by the observer's meridian and its eastern half 
looks bright. But this is not so in the opinion of Brahmagupta, for his base and upright 
are then equal to the radius Actually, the tips of the lunar horns fall on a horizontal 
line when there is absence of the base, and on a vertical line when there is absence 
of the upright. Brahmagupta's base and upright then are both equal to the radius Or, 
be as it may; I am not concerned. I bow to the great " 2S 

Ganesa Daivajna does not see any utility of the panlekha (graphical representation of 
the Moon). When from the direction of the {dig) valana itself, one can know which 
horn is high and which low, then, asks he, what is the use of the panlekha ? 26 

THE VISIBLE MOON 

In the present problem, we are concerned with the actual Moon and not with its 
calculated position on the ecliptic.The Indian astronomers have found it convenient to 
use, in place of the actual Moon, that point of the ecliptic which rises or sets with the 
actual Moon This point of the ecliptic is called "the visible Moon" (drsya-candra) 
This is derived from the calculated true Moon by applying to the latter a correction 
known as the visibility correction {drkkarma or dariana-samskara) The early as- 
tronomers, from Aryabhata I to Bhaskara II, have applied two visibility corrections, viz. 
the ayana-drkkarma and the aksa-drkkarma. The former is the portion of the ecliptic 
that lies between the secondaries to the ecliptic and the equator going through the 
actual Moon, and the latter is the portion of the ecliptic that lies between the horizon 
and the secondary to the equator going through the actual Moon, the actual Moon 
being supposed to be on the horizon. 
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Aryabhata I gives the following rule for deriving the above-mentioned visibility correc- 
tions 

Multiply the R versed-sine of the Moon's (tropical) longitude (as increased by three signs) 
by the Moon s latitude and also by the (R sine of the Sun's) greatest declination and divide 
(the resulting product) by the square of the radius . (the result is theayano-drAfarrma for the 
Moon) When the Moon's latitude is north, it should be subtracted from or added to the 
Moon's longitude, according as the Moon's ayana is north or south (i.e. according as the 
Moon is in the six signs beginning with tropical sign Capricorn or in the six signs beginning 
with the tropical sign Cancer), when the Moon's latitude is south, it should be added or 
subtracted (respectively ) 027 

“Multiply the R sine of the latitude of the local place by the Moon's latitude and divide (the 
resulting product) by the R sine of the co-latitude (the result is theaksa-drkkarma forthe 
Moon) When the Moon is to the north (of the ecliptic), it should be subtracted from the 
Moon's longitude (as corrected for the ayana-drkkarma) in the case of the rising of the 
Moon and added to the Moon's longitude in the case of the setting of the Moon; when the 
Moon is to the south (of the ecliptic), it should be added to the Moon's longitude (in the case 
of the nsing of the Moon) and subtracted from the Moon's longitude (in the case of the 
setting of the Moon) " 2S 


If p be the Moon's latitude and M the Moon's tropical longitude, then the above rules 
are equivalent to the following formulae • 


ayana-drkkarma = 


R versin (M + 90°) x P x R sin 24° 
RxR 


(D 


and aksa-drkkarma 


R sin <|> x P 
R cos <|> 


( 2 ) 


<|> being the latitude of the place and 24° being the Indian value of the Sun's greatest 
declination 


The same formulae occur in the works of Lalla , 29 Vatesvara 30 and SrTpati . 31 


These formulae are approximate and were modified by the later astronomers. 
Brahmagupta 32 replaced (1) by the better formula : 


ayana-drkkarma = 


•R sin (M + 90°) x p x R sin 24° 
RxR 


This formula reappears in the Maha-siddhanta 33 of Aryabhata II in the form • 


ayana-drkkarma — 


R cos M x p x R sin 24° 
RxR 


SrTpati, while retaining the use of the R versed-sine, has improved (1) by multiplying it 
by 1 800 and dividing by the asus of the rising of the sign occupied by the Moon. 34 (The 
asus are the minutes of arc of the equator). 
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Bhaskara II has criticized the use of the R versed-sine and has applauded Brahmagupta 
for replacing the R versed-sine by the R sine. He has also given the following new 
formulae : x 

, R sin (ayanavalana) x p 1800 

(l) ayana-arkkarma X — - — 


where the ayanavalana is the angle between the secondaries to the equator and the 
ecliptic going through the Moon, 5 the Moon's declination, and T the time of nsing (in 
asus) of the sign occupied by the Moon. 


(il) ayana-drkkarma = 


R sin ( ayanavalana ) x p 
R cos (ayanavalana) 


Formula (2) was modified by Bhaskara II For his modified formulae the reader is 
referred to his Siddhanta-siromam (Part I, ch.vii, vss. 3, 6-8 and Part ll.ch. ix, vs 1 0) 


ALTITUDES OF SUN AND MOON 


To determine the Sun's altitude for the given time one has to know the Sun's ascensional 
difference and the earthsine.The Sun's ascensional difference is the difference be- 
tween the times of rising of the Sun at the equator and at the local place. It is meas- 
ured by the asus (minutes of equator) lying between the hour circle through the east 
point (called the six o'clock circle) and the hour circle through the rising Sun The 
formula used to obtain is : 

_ . Rsin<|>xRsin8x R 
Rcos<j>xRcosS 

or, in modern notation, 

sin c = tan<|> tan 8, where c denotes the ascensional difference, 8 the declina- 
tion, and $ the latitude of the place. 

The Sun's declination is obtained by the formula : 

_ . _ R sin A, xR sin 24° 

R sin 8 

R 

where A, is the Sun's tropical longitude and 24° the Indian value of the obliquity of the 
ecliptic. 


The earthsine is the R sine of c reduced to the radius of the diurnal circle and is 
obtained by the formula : 


earthsine = 


Rsinc RcosS 
R 


Rsimj) RsinS 
Rcos<|> 
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The Sun's ascensional difference and the earthsine being thus known, the Sun's alti- 
tude can be determined. Bhaskara | gives the following rule to find the Sun's altitude 
when the time elapsed since sunrise in the forenoon or to elapse before sunset in the 
afternoon is known . 

"The^Aate elapsed (since sun-nse) or those to elapse (before sun-set), in the fust half and the 
other half of the day (respectively), should be multiplied by 60 and again by 6 then they (i.e 
thoseiAate) are reduced to asus (When the Sun is) in the northern hemisphere, theasw of the 
Sun's ascensional difference should be subtracted from them and (when the Sun is) In the 
southern hemisphere, the asus of the Sun's ascensional difference should be added to them 
(Then) calculate the R sine (of the resulting difference or sum) and multiply that by the day- 
radius (i e by R cos 8) Then dividing that (product) by the radius, operate (on the quotient) 
with the earthsine contrarily to the above (i e add or subtract the earthsine according as 
the Sun is in the northern or southern hemisphere) Multiply that (sum or difference) by the 
R sine of the co-latitude and divide by the radius the result is the R sine of the Sun's 
altitude." 36 

“When the Sun's ascensional difference cannot be subtracted from the given (time reduced 
to) asus, reverse the subtraction (i e subtract the latter from the former) and with the R sine 
of the remainder (proceed as above) In the night the R sine of the Sun's altitude should be 
obtained contranly (i e by reversing the laws of addition and subtraction) “ 37 


N 



Fig. 8 2. 

That is, when the Sun is in the northern hemisphere, 

Tf R sin (T ? c)R cos 8)} / R i earthsine ] Rcos<|> 

Rsina = — p 

where a denotes the Sun's altitude, 5 the Sun's declination, T the time elapsed since 
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sunrise in the forenoon or to elapse before sun-set in the afternoon (reduced to asus), 
c the Sun's ascensional difference (in asus), and <j> the local latitude, the sign + or - 
being chosen properly, depending on the Sun's position 

In Fig 8.2, which represents the celestial sphere for a place in latitude <|>, S'ENW is 
the honzon, E, W, N and S' being the east, west, north and south points, Z is the 
zenith. RER' is the equator and P its north pole. S is the Sun and LSM its diurnal 
circle. VU‘ is the Sun's nsing-setting line and EW the east-west line SA is the per- 
pendicular from the Sun on the plane of the horizon and SB on the nsing-setting line, 
AB is the perpendicular to the rising-setting line C is the point where AB intersects 
EW. SA is the R sine of the Sun's altitude, AB is the Sun's iankutala, CB the Sun's 
agra, AC the Sun's bhuja, and SB the Sun's istahrti. 

It can be easily seen that 

SB = {Rsm(T-c) RcosS}/ R+earthsme, 

so that from the triangle SAB, right-angled at A, in which ZSBA=90 6 — <t>, we easily 
have 


SAor Rsino = 


SBxRcos<|> 

R 


[{Rsin(T-c) Rcos8}/R+earthsine] Rcos<|> 

R 

Using modern spherical trigonometry, the rationale of this rule is as follows : 

In Fig. 8.2, Z VPS =T andZVPE=c, sothatz EPS=T-c, and likewise Z ZPS = 90° - 
(T-c). Now in the spherical triangle ZPS, we have ZS= 90° -a, ZP = 90° - <j>, 
SP = 90° - 5, and Z ZPS = 90° - (T- c). Therefore, using cosine formula, we have 
cos ZS = cosZP cosSP + sinZP sin SP cos ZZPS 
or sin a = sin<> sin8 + cos<|> cosS sin (T- c), and multiplying by R and rearranging, 

p~j nrr _ [{Rsin(T-c) RcosS} / R + Rsin<j> RsinS/ Rcos<|>] Rcos<|> 

R 


[{Rsm(T-c) Rcos8} / R + earthsine] R cos<|> 

R 

This is true when the Sun is in the northern hemisphere and above the horizon. 
Similar rationale may be given when the Sun is in the southern hemisphere or below 
the horizon. 


i he Moon's altitude is obtained in the same way. But in this case one has to use the 
Moon's true declination, i.e.the declination of the actual Moon. For this, in the present 
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context, the early Indian astronomers, from Aryabhata I to Bhlskara II, use the fol- 
lowing approximate formula : 

Moon's true declination = 5; |5, 

where 8 is the declination of the Moon's projection on the ecliptic and B the Moon's 
latitude. 

In place of the time elapsed since sun-rise or to elapse before sunset, one has to use 
the time elapsed since moon-rise or to elapse before moon-set The methods used to 
find the time of moon-rise or moon-set will be described in the next chapter 


BASE AND UPRIGHT 

The base SA of the triangle MAS (in Fig 8.1) is equal to the difference or sum of the 
Sun's bhuja and the Moon's bhuja. In case the Sun and the Moon are both above the 
horizon, the difference is taken provided the Sun and Moon are on the same side of 
the east-west line, otherwise the sum is taken. The bhuja of a heavenly body is 
defined by the distance of its projection on the plane of the horizon from the east-west 
line, so that 

bhuja = distance of projection from the east-west line 

= distance of projection from the rising-setting line (called Sankutala or 
Sankvagra) t distance between the east-west and rising-setting lines (called 
agra) 

= Sankutala * agra. 

In Fig. 8 2, S is the Sun A is the Sun's projection on the plane of the horizon, AB is 
the Sun’s Sankutala, CB is the Sun's agra, and AC the Sun's bhuja. It is evident from 
the figure that in this case 
AC = AB - CB 

i.e. Sun's bhuja = Sun's Sankutala - Sun's agra. 

The Sun's Sankutala AB is obtained from triangle SAB (of Fig 8.2) by using the sine 
relation . 

AB or Sun's Sankutala = — SA x R sin Z ASB 

RsinZSBA 

_ R sin ax Rsin$ 

Rcos<|> 


Bhaskara I says 

The R sine of the Sun's altitude multiplied by the R sine of the latitude and divided by the 
R cosine of the latitude is the (Sun's) Sankvagra, which is always to the south of the rising- 
setting line " 3 * 
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The Sun's agra is obtained thus : in Fig. 8.2, let CD be the perpendicular from C 
to SB. Then m the triangle CDB, right-angled at D, CB = Sun's agrd, CD = R sin 8, 
ZCBD = 90° -<!>, so that 

CB or Sun's agrd = ADxRsyiZCDB 


_ RsinSxR 
Rco$<t> 


Brahmagupta says : 

The R sine of the declination multiplied by the radius and divided by the R sine of the co- 
iatitude is theagra which lies east-west in the plane of the horizon ’ ,38 

The Moon's bhuja is obtained in the same way, using the Moon's true declination The 
difference or sum of the Moon's bhuja and Sun's bhuja finally gives the base 

When the calculations are made for sunset, the Sun's agrd itself is the Sun's bhuja 
In that case, the difference or sum of the Moon's bhuja and the Sun's agra gives the 
base. 

Bhaskara 1 says : 

“From the asus intervening between the Sun and Moon (corrected for the visibility correc- 
tions) and from the Moon's earthsine and ascensional difference, determine the R sine of 
the (Moon's) altitude; and from that find the (Moon's) tonkvagra, which is always south (of 
the rising-setting line of the Moon). 

“The R sine of the difference or sum of the (Moon's) latitude and declination according as 
they are of unlike or like directions is (the R sine of) the Moon's true declination From that 
(R sine of the Moon's true declination) determine her day-radius, etc Then multiply (the R 
sine of) the Moon’s (true) declination by the radius and divide by (the R sine of) the co- 
latitude, then is obtained (the R sine of) the Moon's agro. 

“If that (R sine of the Moon's agra) is of the same direction as the (Moon's) iankvagra, take 
their sum; otherwise , take their difference Thereafter take the difference of (the R sine of) 
the Sun's agra and that (sum or difference), if their directions are the same, otherwise, take 
their sum • thus is obtained the base (bshu or bh^a) ■« 

The difference of the R sines of the Moon's altitude and the Sun's altitude during the 
day or their sum during the night, obviously, gives the upright. When the calculations 
are made for sun-set, the R sine of the Moon's altitude itself is the upnght, as the Sun 
then is on the horizon and its altitude is zero. 

The base and upnght obtained in the above way are according to those astronomers 
who, like Bhaskara |, project the Sun and Moon in the plane of the meridian. 
Brahmagupta and his followers, who keep the Sun and Moon where they are, obtain 
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their base and upright, which shall be called Brahmagupta's base and upright, thus : 
Brahmagupta's base = b i b' 

Brahmagupta's upright = V[(ki k ') 2 + (R sin a * R sin a') 2 ], where b, b'; k, k', a, a' 
are the bhujas, uprights and altitudes of the Sun and Moon respectively, derived in 
the manner described above. 

It will be noted that whereas Brahmagupta's upright differs in length from that of 
Bhaskara I, his base is exactly equal to that of the latter. 


RISING AND SETTING OF PLANETS AND STARS 
HELIACAL RISING AND SETTING OF THE PLANETS 

When a planet gets near the Sun, it is lost in the dazzling light of the Sun and be- 
comes invisible. The planet is then said to set heliacally. Sometimes later the planet 
comes out of the dazzling light and is seen again. It is then said to rise heliacally In 
the case of the Moon, a special term candra-dariana (“Moon's first appearance") is 
used for its heliacal rising. 

Brahmagupta says • 

“A planet with lesser longitude than the Sun rises in the east, in case it is slower than the 
Sun; in the contrary case, it sets in the east A planet with greater longitude than the Sun 
rises in the west, in case it is faster than the Sun, and sets in the west, in case it is slower 
than the Sun 041 

The author of the Surya-siddhanta says : 

“Jupiter, Mars and Saturn, when their longitude is greater than that of the Sun, go to their 
setting in the west; when it is lesser, to their rising in the east; so likewise Venus and Mer- 
cury, when retrograding The Moon, Mercury, and Venus, having a swifter motion, goto 
their setting in the east when of lesser longitude than the Sun, when of greater, go to their 
rising in the west " 48 

Vatesvara's account is fuller and more explicit * 

“A planet with lesser longitude (than the Sun) rises in the east if it is slower than the Sun, 
and sets in the east if it is faster than the Sun, whereas a planet with greater longitude (than 
the Sun) rises in the west if it is fasterthan the Sun, and sets in the west if it is slower than 
the Sun. 

“The Moon, Venus, and Mercury rise in the west, whereas Saturn, Mars, and Jupiter and 
also retrograding Mercury and Venus rise in the east. These planets set in the opposite 
direction 1,43 


Similar statements have been made by Lalla , 44 Aryabhata II , 45 Sripati , 48 Bhaskara 
II 47 and others. 
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The distances from the Sun at which the heliacal rising or setting occurs is not the 
same for all the planets It depends upon the size and luminosity of the planet The 
larger or more luminous it is, the lesser will be its distance from the Sun at the time 
of its nsing or setting. 

The Indian astronomers state the distances of the planets from the Sun at the time of 
their first visibility (“rising") or last visibility (“setting") in terms of time-degree, i e in 
terms of time, between the time of rising or setting of the planet and that of the Sun, 
converted into degrees by the formula . 

60 ghatis or 24 hours = 360 degrees 

Aryabhata I says : 

"When the Moon has no latitude it is visible when situated at a distance of 12 degrees (of 
time) from the Sun. Venus is visible when 9 degrees (of time) distant from the Sun The 
other planets taken in the order of decreasing sizes (viz. Jupiter, Mercury, Saturn and Mars) 
are visible when they are 9 degrees (of time) increased by two-s (i e when they are 1 1 , 1 3, 

15 and 17 degrees of time) distant from the Sun." 48 

The same distances have been given in the Aryabhata-siddhanta and the 
Khandakhadyaka ,* and by Brahmagupta, 50 Lalla, 51 Vatesvara, 52 and SrTpati . 53 Those 
given by Aryabhata II, 54 Bhaskara II, 55 and by the author of the Surya-siddhanta 56 
slightly differ in one or two cases. 

Regarding Venus and Mercury, Brahmagupta says : 

"Owing to its small disc, Venus (in direct motion) nses in the west and sets in the east at a 
distance of 10 time-degrees (from the Sun), and owing to itslarge disc, the same planet (in 
retrograde motion) sets in the west and nses in the east at a distance of (only) 8 time- 
degrees (from the Sun). Mercury rises and sets in a similar manner when its distance (from 
the Sun) is 14 time-degrees (in the case of direct motion) ©r 1 2 time-degrees (in the case of 
retrograde motion). 1 ' 7 

So has been said by the author of the Surya-siddhanta 58 and Sripati. 59 

To find the day on which a planet is to rise or set heliacally in the east or west, the 
Indian astronomers proceed as follows • In the case of rising or setting in the east, 
they first calculate for sunrise the longitudes of the Sun and the planet, the latter 
being corrected by the visibility corrections for rising Then, using the table giving the 
times of rising of the signs for the local place, they calculate the time of rising of the 
portion of the ecliptic lying between the Sun and the corrected planet This they 
convert into time-degrees, and then find the difference between these time-degrees 
and the time-degrees for rising or setting of the planet under consideration. If the 
planet is in direct motion they divide this difference by the degrees of difference 
between the dauly motions of the Sun and the planet; and if the planet is in retrograde 
motion they divide that difference by the degrees of the sum of the daily motions of 
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the Sun and the planet The quotient obtained gives the days elapsed since or to 
elapse before the rising or setting of the planet in the east. 

Time-degree for heliacal rising and setting 


Celestial 

body 


Time-degrees according to 


Aryabhata I 

Brahma- 

gupta 

Lalla and 
VateSvara 

Aryabhata 

II 

Surya-siddh- 
anta and 
Bh3skara ii 

Moon 

12° 

12° 

12° 

12° 

12° 

Mars 

17° 

17° 

17° 

17° 

17° 

Mercury 

13° 

13° (mean) 
14° 

13° 

13° 

14° 

Mercury (retro) 


12° 

12° 

12° 30' 

12° 

Jupiter 

11° 

11° 

11° 

12° 

11° 

Venus 

9° 

9° (mean) 
10° 

9° 

8° 

10° 

Venus (retro) 


8° 

8° 

o 

CO 

8° 

Saturn 

15° 

15° 

15° 

15° 

15° 


In the case of rising or setting in the west, they first calculate for sun-set the longi- 
tudes of the Sun and the planet, the latter corrected by the visibility corrections for 
setting. Both these longitudes are increased by six signs. Then, using the table giving 
the times of rising of the signs for the local place, they calculate the time of rising of 
the portion of the ecliptic lying between the Sun as increased by six signs and the 
corrected planet as increased by six signs. This they convert into time-degrees, and 
find the difference between these time-degrees and the time-degrees for nsmg or 
setting of the planet under consideration. If the planet is in direct motion they divide 
this difference by the degrees of difference between the daily motions of the Sun and 
the planet; and if the planet is in retrograde motion they divide that difference by the 
degrees of the sum of the daily motions of the Sun and the planet The quotient 
obtained gives, as before, the days elapsed since or to elapse before the rising or 
setting of the planet in the west. 

Bhaskara I says : 


the visibility correctTons) by using the time of rising at the local place of that very sign (in 
which the Sun and the planet are situated); (when the planet is to be seen) in the west, (its) 
visibility should be announced by calculating the time (of setting of the part of the ecliptic 
between the Sun and the planet) by using the time of nsmg of the seventh sign at the local 

place."* 0 
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Lalla describes the method as follows : 

■(If the heliacal nsing or setting of a planet) on the western honzon is considered, the true 
longitude of the Sun andihedrggraha (i.e the planet corrected by the visibility corrections 
for setting) should each be increased by six signs 

■Find the asms of nsing of the untraversed part of the sign occupied by the planet with lesser 
longitude and theasus of nsing of the traversed part of the sign occupied by the planet with 
greater longitude To the sum of the two add theasas of rising of the intervening signs The 
result divided by 60 gives the time-degrees of the planet's distance from the Sun If these 
time-degrees are lesser than the time-degrees stated forthe rising or setting of the planet, 
it must be understood that the planet is invisible 

‘Find the difference expressed in minutes between the calculated time-degrees and the 
time-degrees for rising or setting of the planet. Divide it by (the minutes of) the difference of 
the daily motions of the Sun and the planet if they are moving in the same direction, or by 
(the minutes of) the sum if they are moving in opposite directions The quotient gives the 
days elapsed since or to elapse before the rising or setting of the planet, which is to be 
understood by the following consideration. 

■When the setting of a planet is considered, if the time-degrees for nsing or setting of the 
planet are greater than the calculated time-degrees, know then that the planet has set 
heliacalty before the number of days found above; if the former is lesser, the planet will set 
after so many days. When the nsing is considered, then in the former case the planet will 
rise after the days calculated and in the latter case the planet has risen before the days 
calculated." 61 


Vatesvara explains the method thus : 

*ln the case of nsing in the east, find the asus of rising of the untraversed part of the sign 
occupied by the planet (computed for sunrise and corrected by the visibility corrections for 
rising), those of the traversed part of the sign occupied by the Sun (at sunrise), and in the 
case of setting in the west, in the reverse order 62 Add them to the asus of nsing of the 
intervening signs. (Then are obtained theasus of rising of the part of the ecliptic lying be- 
tween the planet corrected by the visibility corrections and the Sun at sunrise These di- 
vided by 60 give the time-degrees between the planet corrected by the visibility corrections 
and the Sun). 

■(To obtain the time-degrees corresponding to the traversed and untraversed parts), one 
should multiply the untraversed and traversed degrees by the asus of rising of the corre- 
sponding signs and divide (the products) by 30 and 60 (i.e by 1800). The time-degrees 
divided by 6 give the corresponding;/ta.fts. 

"When the time-degrees between the planet corrected by the visibility corrections and the 
Sun are greater than the time-degrees forthe planet's nsing or setting, it should be under- 
stood that the planet has already risen (heliacalty); if lesser, the nsing has not yet taken 

"Divide their deference by the dailymotionoftheSundiminishedby the daily motion of the 
planet when the planet is in direct motion, and by the daily motion of the Sun increased by 
the da9y motion of the planet when the planet is in retrograde motion - the result is the time 
(in days) which have to elapse before the planet will nse or set or elapsed since the rising or 
setting of the planet.* 63 

Similar rules have been given by the other Indian astronomers . 64 
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HELIACAL RISING AND SETTING OF THE STARS 

The Stars having no motion rise in the east and set in the west. The distance from the 
Sun at which they rise or set heliacally, according to the Indian astronomers, is 14 
time-degrees or 6 j ghatis. In the case of Canopus (Agastya) this distance is 12 
time-degrees or 2 ghatis and in the case of Sirius (Mrgavyadha) it is 1 3 time-degrees 
or 2 ghatis. This is so because Canopus and Sirius are bright stars. 

The point of the ecliptic which rises on the eastern horizon exactly when a star rises 
on the eastern horizon, is called the star’s udayalagna] and the point of the ecliptic 
which rises on the eastern horizon exactly when a star sets on the western horizon, is 
called the star's astalagna. Similarly, the point of the ecliptic occupied by the Sun 
when a star rises heliacally is called the star's udayarka o x udayasurya] and the point 
of the ecliptic occupied by the Sun when a star sets heliacally is called the star's 
astarka or astasurya. 

The positions of the stars are given in terms of their polar longitudes So only one 
visibility correction, viz the aksa-drkkarma, has to be applied to them. When the 
aksa-drkkarma for nsing is applied to the polar longitude of a star, one gets the star's 
udayalagna, and when the aksa-drkkarma for setting is applied to the polar longi- 
tude of a star and six signs are added to that, one gets the star’s astalagna. 

The udayarka for a star is obtained by calculating the lagna (the rising point of the 
ecliptic), by taking the Sun's longitude as equal to the star's udayalagna and the time 
elapsed since sunrise as equal to the ghatis of the star's distance from the Sun at the 
time of its heliacal rising. The astarka for a star is obtained by calculating the lagna, 
by taking the Sun's longitude as equal to the star's astalagna and the time to elapse 
before sunrise as equal to the ghatis of the star's distance from the Sun at the time of 
its heliacal visibility, and adding six signs to that 

Taking the case of Canopus and Sirius, Brahmagupta says : 

"From the udayalagna of Canopus calculate the lagna at two ghatis after sunrise by means 
©f the times of rising of the signs (atthe local place) The result is theudayasurya of Canopus 
Again from the astalagna (of Canopus) calculate the lagna at two ghatis before sunrise, 
and add six signs to it The result is the astasurya of Canopus. 

“In the same manner the udayasurya and astasurya of Sinus may be found. In this case 2 
7 ghatis should be used. 

“Similarly, the udayasurya and astasurya of other stars should be calculated. In this case 2 
-J- ghatis should be used. 

"Canopus, Sinus or any of the (other) stars rises or sets according as its udayasurya or 
astasurya Is the same as the true Sun.““ 
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Lalla says * 

"On account of the motion of the provector wind, the rising of a star occurs with the nsing of 
its udayalagna, and the setting of a star occurs with the rising of its astalagna 

"Two ghatis plus one-third of a ghati is the time-distance of a star from the Sun at the time 
of its heliacal nsing or setting, that for Sinus, it is two ghatis plus one-sixth of a ghati, and 
that for Canopus, it is tiNO ghatis. 

‘The star whose udayalagna increased by the result due to that time-distance (i e by the 
arc of the ecliptic that nses In that time) happens to be equal to the S un's longitude (at that 
time), nses heiiacally; and the star whose astalagna diminished by the result due to that 
time-distance and also by six signs, happens to be equal to the Sun's longitude (at that 
time), sets heiiacally * 68 

So also says Vatesvara : 

"When the longitude of the Sun is equal to the longitude of the star's udayalagna as in- 
creased by the result obtained on converting the 14 time-degrees for the star's heliacal 
rising or setting into the corresponding arc of the ecliptic (which nses at the local place in 
that time), the star nses heiiacally, and when the longitude of the Sun is equal to the longi- 
tude of the astalagna as diminished by the result due to the time-degrees for the star's 
heliacal rising or setting and by half a circle, the star sets heiiacally 

"When the star's udayalagna or astalagna is at a lesser distance from the Sun, the star is 
invisible; in the contrary case, the star is visible 1,67 

A similar statement has been made by Bhaskara II . 68 

As regards the duration of a star's visibility or invisibility, Brahmpgupta says . 

"A star is visible as long as the Sun lies between its udayasurya and astasurya, otherwise, 
it is invisible. 

"Find the difference between the star's udayasurya and the Sun, or between the astosuoa 
and the Sun. Express the difference in minutes Divide each difference by the daily motion 
of the Sun The result gives respectively the number of days passed since the heliacal nsing 
of the star and those which will pass before the star sets heiiacally "" 

Lalla says : 

"As long as the Sun is between the star's udayarka and astarka, so long is the Sun heiiacally 
visible, provided that the star's declination diminished or increased by the local latitude 
according as they are of like or unlike directions, is less than 90°. 

"As long as the Sun is between the star's astasurya and udayasurya, so long is the star 
heSacaHymvjsfcle." 

"The difference between the two (i.e. the star's udayasurya minus the star's astasurya ) 
expressed m minutes, when divided by the true daily motion of the Sun, gives the days (for 
which the star is invisible)." 70 



MOON, PLANETS, STARS 


257 


SrTpati says • 

"As long as the Sun is between the star's udayasurya and the star's astasurya, so long is 
the star heliacally visible, and as long as the Sun is between the star's astasurya and the 
star's udayasurya, so long is the star invisible. The star, however, is seen as long as its 
zenith distance is less than 90° " 71 

Vatesvara : 

"Subtract the star's astarka from the star's udayarka and reduce the difference to minutes 
Divide these minutes by the minutes of the Sun's daily motion 

Then is obtained the number of days during which the star remains set heliacally " ra 


STARS ALWAYS VISIBLE HELIACALLY 

The stars which are far away from the ecliptic do not fall prey to the dazzling light of 
the Sun Such stars are always visible heliacally. The author of the Surya-siddhanta 
says: 

"Vega (Abhijit), Capella (Brahmahrdaya), Arcturus (Svati), a Aquilae (Sravana), p Delphim 
(Sravistha), and X Pegasi (uttara-Bhadrapada), owing to their (far) northern situation, are 
not extinguished by the Sun’s rays 1,73 

These stars have large latitudes and in their case the astasurya exceeds the 
udayasurya. The latter is the condition for a star's permanent heliacal visibility 

Brahmagupta says : 

“The star whose udayarka is smaller than its astarka is always visible " 74 
Lai la says : 

"The star, whose astarka is greater than its udayarka, never sets heliacally “ 75 
So also say the other Indian astronomers . 76 

DIURNAL RISING AND SETTING 

The rising of the heavenly bodies every day on the eastern horizon is called the 
diurnal nsing of those heavenly bodies. Similarly the setting of the heavenly bodies on 
the western horizon is called their diurnal setting. It is this rising or setting that is 
meant when one talks of sun-rise or sun-set, moon-rise or moon-set. 

The rising of the Sun does not present any difficulty, because it is taken as the start- 
ing point of time measurement. The rising and setting of the Moon are indeed of 
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importance to the Indian astronomers. All astronomical works deal with them and 
give rules to find the time of moon-set or moon-rise in the light and dark fortnights of 
the month. 

Bhaskara I gives the following rules to find the time of moon-set or moon-rise : 

‘In the light fortnight, find out the asus due to oblique ascension (of the part of the ecliptic) 
intervening between the Sun (at sun-set) and the (visible) Moon (at sun-set treated as 
moon-set) both increased by six signs, and apply the method of successive approximations 
This gives the duration of the visibility of the Moon (at night) (or, in other words, the time of 
moon-set )." 77 

Thereafter (i.e in the darkfortnight) the Moon is seen (to nse) at night (at the time) deter- 
mined by the asus (due to oblique ascension) derived by the method of successive approxi- 
mations from the part of the ecliptic intervening between the Sun as increased by six signs 
and the (visible) Moon as obtained by computation, (the Sun and the Moon both being 
those calculated forsun-set )." 78 


Further he says: 

"(In the light half of the month) when the measure of the day exceeds thenSdis (due to the 
oblique ascension of the part of the ecliptic) lying between the Sun and the (visible) Moon 
(computed for sun-set), the moonrise is said to occur in the day when the residue of the day 
(i e. the time to elapse before sun-set) is equal to foesftatis of their difference ." 78 

"(In the dark half of the month) find out theasus due to the oblique ascension of the part of 
the ecliptic lying from the setting Sun up to the (visible) Moon ; and therefrom subtract the 
length of the day (This approximately gives the time of moon-nse as measured since sun- 
set). Since foe Moon is seen (to nse) atmghtwhenso much time, corrected by the method 
of successive approximations, is elapsed, therefore the asus obtained above should be 
operated upon by foe method of successive approximations " w 

"Or determine the asus (due to foe oblique ascension of the part of foe ecliptic lying) from 
the (visible) Moon at sun-rise up to the nsing Sun; then subtract the corresponding 
displacements (of foe Moon and foe Sun) from them (i.e. from the longitudes of foe visible 
Moon and foe Sun computed for sun-nse); and on them apply the method of successive 
approximations (to obtain foe nearest approximation to foe time between the visible Moon 
and foe Sun computed for moon-rise, i.e. between the risings of the Moon and the Sun) 

The Moon, ... rises as many asus before sun-rise as correspond to foe nadis obtained by 
the method of successive approximations * 81 

Bhaskara l has given the details of the implied processes of successive approxima- 
tions also. 

VateSvara gives the methods of finding out the time of moon-nse and moon-set thus • 

"In the light half of the month foe calculation of the time of rising of the Moon in the day is 
prescribed to be made from the positions of the Sun and the (visible) Moon (for sun-rise) in 
the manner stated before; and that of the time of setting of the Moon atfoe end of the day 
(i.e. at night) from the positions of the Sun and the (visible) Moon (for sun-set), both in- 
creased by six signs. 
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“In the dark half of the month, the (time of ) rising of the Moon, when the night is yet to end, 
should be calculated by the process of iteration from the positions of the Sun and the (vis- 
ible) Moon (for sun-nse), and in the light half of the month, the (time of) rising of the Moon, 
when the day is yet to end, should be calculated by the process of iteration from the position 
of the Sun (for sun-set) increased by six signs and the position of the (visible) Moon (for 
sun-set) 

"In the dark half of the month, the time of setting of the Moon, when the day is yet to elapse, 
should be obtained from the positions of the Sun and the (visible) Moon (for sun-set), each 
increased by six signs 

"In the light half of the month, the same time (of setting of the Moon), when the night is yet 
to elapse, should be obtained from the position of the (visible) Moon (for sun-nse) increased 
by six signs and the position of the Sun (for sun-rise)” 88 

Similar methods have been prescribed by the other Indian astronomers also. 

The phenomenon of moon-rise on the full moon day is of special importance and the 
Indian astronomers have dealt with this topic separately Bhaskara I says : 

"If (at sun-set) on the full moon day the longitude of the Moon (corrected for the visibility 
corrections for rising) agrees to minutes with the longitude of the Sun (increased by six 
signs), then the Moon rises simultaneously with sun-set If (the longitude of the Moon is) 
less (than the other), the Moon rises earlier, if (the longitude of the Moon is) greater (than 
the other), the Moon rises later 

"(In the latter cases) multiply the minutes of the difference by the asus of the oblique ascen- 
sion of the sign occupied by the Moon and divide by the number of minutes of arc in a sign, 
and on the resulting time apply the method of successive approximations (to get the near- 
est approximation to the time to elapse at moon-nse before sun-set or elapsed at moon-nse 
since sun-set)” 83 

Lai la says : 

“If the true longitude of the Moon, (corrected for the visibility corrections for nsing), is the 
same as the true longitude of the Sun at sun-set, increased by six signs, the Moon rises at 
the same time as the Sun sets, if greater, it nses later, and if less, ‘it rises before sun-set. 

If the true longitude of the Moon, (corrected for the two visibility corrections for setbng) and 
increased by six signs, is the same as the true longitude of the Sun while rising, the Moon 
sets at that time, if greater, it sets after, and if less, before sun-rise “ M 

So also says VateSvara . 

"When the true longitude of the Moon (for sun-set), (corrected forthe visibility corrections 
for nsing), becomes equal to the longitude of the Sun (for sun-set), increased by six signs, 
then the Moon, in its full phase, resembling the face of a beautiful lady, nses (simultaneously 
with the setting Sun), and goes high up in the sky, glorifying by its light the circular face of 
the earth freed from darkness, making the lotuses close themselves and the water lilies 
blossom forth. 

"On the full-moon day, at evening, the Sun and the Moon, stationed in the zodiac at the 
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distance of six signs, appear on the horizon like the two huge gold bells (hanging from the 
two sides) of India's elephant** 

TIME-INTERVAL FROM RISING TO SETTING 

in the case of the Sun, the time-interval from rising to setting is called the duration of 
sunlight or the duration of the day. Similarly, the time-interval from setting to rising is 
called the duration of the night. These are obtained by the formulae : 

duration of day = 2 (15 ghatis t ghatis of Sun's ascensional difference) 

duration of night = 2 (1 5 ghatis + ghatis of Sun's ascensional difference), 

the upper of lower sign being taken according as the Sun is to the north or south of 
the equator. 

Brahmagupta says : 

*15 ghatis respectively increased and diminished when the Sun is in the northern hemi- 
sphere, or respectively diminished and increases when the Sun is in the southern hemi- 
sphere , by th eghafu of the Sun's ascensional difference and the results doubled, give the 
ghatis of the durations of the day and night, respectively "** 

Lalla says 

When the Sun's ascensional difference expressed in ghatis is respectively added to and 
subtracted from 15 ghatis, and the results are doubled, the lengths of night and day are 
obtained, provided the Sun is in the southern hemisphere beginning with Libra The same 
give the lengths of day and night, if the Sun is in the northern hemisphere beginning with 
Aries.** 7 

So also has been stated by SrTpati, 88 Bhaskara II,* 9 and other Indian astronomers. 

The duration from moon-rise to moon-set is called the length of the Moon's day and 
the duration from moon-set to moon-rise, the length of the Moon's night. The former 
is obtained by the formula : 

length of Moon's day = time of nsing of the untraversed portion of the sign 
occupied by the Moon's udayalagtia + time of nsing of the traversed portion of 
the sign occupied by the Moon's astalagna + time of rising of the intermediate 
signs. 


VateSvara says : 

The Moon's udayalagna increased by six signs gives the Moon's astalagna Find the ob- 
*que ascension of that part of the ecliptic that lies between the two (i e. between the Moon's 
udayalagna and astalagna) with the help of the oblique ascensions of the signs . (this gives 
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the length of the Moon's day) The difference between half of it and 1 5 ghatis is the Moon's 
ascensional difference “ M> 

VateSvara's method of finding the Moon's astalagna is gross. For, here the motion of 
the Moon from moon-rise to moon-set has been neglected. The correct rule is: First 
find out the Moon's true longitude for the time of moon-rise; then increase it by half 
the Moon's daily motion; then apply to it the visibility corrections for setting; then and 
six signs to that the result thus obtained will be the Moon's astalagna. 

In the case of a planet or a star the length of the day is defined and obtained as in the 
case of the Moon 

Aryabhata II gives the following rule to get a planet's astalagna : 

"Calculate the true longitude of the planet for the time of its nsing, apply to it one-half of the 
planet's daily motion, then correct it by the visibility corrections forthe western horizon (i.e 
for setting), and then add six signs to it. (The result is the planet's asfaZagna) Now find the 
time of rising of the traversed part of the decan occupied by it, to it add the time of rising of 
the untraversed part of the decan occupied by the planet's udayalagna , as also the times of 
nsing of the intervening decans The result is the length of the planet's day. Using this length 
of the planers day, again calculate the true longitude of the planet for the time of its setting, 
and iterate the above process. Thus will be obtained the accurate longitude of the visible 
planet on the western horizon. That increased by six signs is the planet'sastofagjui." 81 

The planet's udayalagna &r\d astalagna being known, the length of the planets day is 
obtained by adding together the time of rising of the untraversed portion of the decan 
(or sign) occupied by the planet's udayalagna, the time of rising of the traversed 
portion of the decan (or sign) occupied by the planet’s astalagna, and the times of 
rising of the intervening decans (or signs). 

In the case of the stars too the method used to find the length of the day is the same. 
The stars being fixed, their udayalagna and astalagna remain the same for years. 
Aryabhata II says : "In the case of Canopus, the Seven Sages and the stars (in gen- 
eral) the udayalagna and the astalagna remain invariable for some years. Not so in 
the case with the evermoving planets, the Moon etc., because of their inconstancy."® 


STARS THAT DO NOT RISE OR SET (CIRCUMPOLAR STARS) 

The stars whose declination is greater than or equal to the co-latitude of the place do 
not rise or set at that place. If the declination is north, these stars are always visible 
at the place; if south, they are always invisible there. 

Bhaskara II says : 

"The stars for which the true declination, of the northern direction, exceeds the co-latitude 
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(of the local place), remain permanently visible (at that place) And the stars such as Sinus 
and Canopus etc. for which the true declination, of the southern direction, exceeds the co- 
latitude (of the local place), remain permanently invisible (at that place) ,,8S 


CONJUNCTION OF PLANETS AND STARS 

CONJUNCTION OF TWO PLANETS 
SAMAGAMA AND YUDDHA (UNION AND ENCOUNTER) 

When two planets have equal longitudes they are said to be in conjunction This 
conjunction of two planets is given different names depending on the participating 
planets. When the conjunction of a planet takes place with the Sun, it is called astamaya 
(setting of the planet); when with the Moon, it is called samagama (union), and when 
any two planets, excluding the Sun and Moon, are in conjunction, it is called yuddha 
(encounter). 

Visnucandra says : 

‘Conjunction (of a planet) with the Sun is called astamaya (setting), that with the Moon, 
samagama (union), and that of Mars etc. with one another, yuddha (encounter) " M 

Brahmagupta says : 

‘Conjunction (of two planets), in which the Sun and Moon do not take part, is called yuddha 
(encounter), that of Mars etc with the Moon, samagama (union), and that with the Sun, 
astamaya (setting) (In the case of encounter) the planet that lies to the north of the other is 
the victor; but Venus is the victor (even) when it is to the south of the other ■" 

According to the Surya-siddhanta : 

‘Of the star-planets (Mars etc.) there take place, with one another, yuddha (encounter) 
and samagama (union); With die Moon, samagama (union), With the Sun, astamaya 
(setting).-" 

‘(in an encounter) Venus is generally the victor, whether it lies to the north or to the south 
(of its companion)." 7 

The conjunction of two star-planets Mars etc. which has been defined above as yuddha 
(encounter), is further classified into five categories, depending on the distance be- 
tween them at the time of their conjunction. Let d be the distance between their 
centres at the time of their conjunction, and s the sum of their semi-diameters. 

Then the conjunction is called : 

1. Ullekha (external contact), when d = s; 

2. Bheda (occulabon), when d<s\ 

3. Am&u-vimarda (“pounding or crushing of rays, friction of rays), when d>s\ 
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4. Apasavya (dexter) when d>s but <1° and one planet is tiny; 

5. Samdgama (union), when d > s and also > 1 0 and the planets have large discs 

The Surya-siddhanta says : 

"The conjunction of two star-planets is called ullekha (external contact), when they touch 
each other (©eternally), bheda (occulation), when there is overlapping, amiu-vimarda (pound- 
ing or crushing of rays, or friction of rays), when there is mingling of rays of each other, 
apasavya-yuddha (dexter), when one planet has tiny disc and the distance between the two 
is less than one degree, samagama (union), when the discs of the planets are large and the 
distance between them is greater than one degree "" 

The Surya-siddhanta further says : 

"In the apasavya-yuddha (dexter encounter) the star-planet which is tiny, destitute of bril- 
liancy, and covered (by the rays of the other), is the defeated one. (In general) the star- 
planet which is rough, colourless, struck down, and situated to the south, is the vanquished 
one That situated to the north is the victor if it is large and luminous, that situated to the 
south too is the victor if it is powerful (i e large and luminous) When two star-planets are in 
proximity, there is samagama (union) if both are luminous, kuta (confrontation) if both are 
small in size, and vigraha (conflict, or fight) if both are struck down. Venus is generally the 
victor whether it is to the north or to the south (of the other ) 99 

The Bhdrgaviya says : 

"Hostility should be foretold when there is apasavya (dexter), war when there is raSmi- 
samkula (melee of rays), ministerial distress when there isuUekha (external contact), and 
loss of wealth when there isbheda (occupation )." 100 


CONJ UNCTION I N CELESTIAL LONG ITUDE ( KADAMBAPROTIYA - YUTI ) 

Aryabhata I and his staunch follower Bhaskara I have dealt with the conjunction of the 
planets in celestial longitude (i.e along the circle of celestial longitude or secondary 
to the ecliptic) and have given rules to find the time when such a conjunction occurs. 

Bhaskara I says : 

“If one planet is retrograde and the other direct, divide the difference of their longitudes by 
the sum of their daily motions, otherwise (i e if both of them are either retrograde or direct), 
divide the same by the difference of their daily motions, thus is obtained the time in terms of 
days etc. after or before which the two planets are in conjunction (in longitude) The velocity 
of the planets being different (from time to time), the time thus obtained is gross. One 
proficient in the science of astronomy, should, therefore, apply some method to make the 
longitudes of the two planets agree to minutes Such a method is possible from the teach- 
ings of the preceptor or by day to day practice ." 101 

"In the case of Mercury and Venus, subtract the longitude of the ascending node from that 
of the Stghroeea : (thus is obtained the longitude of the planet as diminished by the longitude 
of the ascending node).The longitudes (in terms of degrees) of the ascending nodes of the 
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planets beginning with Mars (i e Mars, Mercury, Jupiter, Venus and Saturn) are respec- 
tively 4, 2, 8, 6, and 1 0, each multiplied by 1 0. 

"The greatest latitudes, north or south, in minutes of arc, (of the planets beginning with 
Mars) are respectively 9, 12, 6, 12, and 1 2 each multiplied by 1 0 (To obtain the R sine of 
the latitude of a planet) multiply (the greatest latitude of the planet) by the R sine of the 
longitude of the planet minus the longitude of the ascending node (of the planet) (and divide 
by the "divisor" defined below) 

"The product of the mandakama and the Stghrakama divided by the radius is the distance 
between the Earth and the planet this is defined as the "divisor" 

Thus are obtained the minutes of arc of the latitudes (of the two planets which are in 
conjunction in longitude) 

"From these latitudes obtain the distance between those two given planets (which are in 
conjunction in longitude) by taking their difference if they are of like directions or by taking 
their sum if they are of unlike directions The true distance between the two planets, in 
minutes of arc, being divided by 4 is converted into angulas. 

"Other things should be inferred from the colour and brightness of the rays (of the two 
planets) or else by the exercise of one's own intellect “ 10J 

The method prescribed by Aryabhata I in his work employing midnight day-reckoning 
was also practically the same. Brahmagupta has summarized it as follows . 

"Divide the difference between the longitudes of the two planets (whose conjunction is 
under consideration) by the difference of their daily motions, if they are both direct or both 
retrograde, orby the sum of their daily motions, if one is direct and the other retrograde The 
result is in days. If the slower planet is ahead of the other (and if both the planets are direct), 
the conjunction is to occur after the days obtained; if the quicker planet is ahead of the 
other, the conjunction has already occurred before the days obtained. 

"Mulbply the difference between the longitudes of the two planets by their own daily motions 
and divide (each product) by the difference or sum of their daily motions, as before Sub- 
tract each result from the longitude of the corresponding planet, if the conjunction has al- 
ready occurred, and add, if it is to occur, provided the planet is in direct motion If it is 
retrograde, reverse the order of subtraction and addition The planets will then have equal 
longitudes. 

‘From the longitudes of the two planets made equal up to minutes of arc, subtract the 
longitudes of their own ascending nodes (in the case of Mars, Jupiter and Saturn) In the 
case of Mercury and Venus, the longitude of the ascending node should be subtracted from 
the iighrocca of the planet. Multiply the R sine of that by the greatest latitude of the corre- 
sponding planet and divide by the last kama (hypotenuse for the planet) . the result is the 
latitude of Iheialanet 

Tate the difference or sum of the latitudes of the two planets (which are in conjunction in 
longitude) according as they are of like or unlike directions Then is obtained the distance 
between the planets (at the time of their conjunction in longitude) " 103 


Occultation ( bheda-yuti ) 

When the distance between the two planets in conjunction in longitude falls short of 
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the sum of their semi-diameters the lower planet covers partly or wholly the disc of 
the higher planet. The situation is analogous to the solar eclipse where the Moon 
eclipses the Sun In such a case the lower planet is treated as the Moon and the 
upper one as the Sun, and all processes prescribed in the case of a solar eclipse are 
gone through in order to obtain the time of contact, separation, immersion and emer- 
sion, etc. 

VateSvara says . 

"When the distance between the two planets (which are in conjunction) is less than half the 
sum of the diameters of the two planets, there is occupation ( bheda ) of one planet by the 
other The eclipser is the lower planet. All calculations (pertaining to this occupation), such 
as those for the semi-duration etc are to be made as in the case of a solar eclipse 

"When the Moon occults a planet, the time of conjunction should be reckoned from moon- 
rise and for that time one should calculate Xhe lambana (parallax-difference in longitude) 
and Xheavanati (parallax-difference in latitude) In case one planet occults another planet, 
the time of conjunction should be reckoned from the (occulted) planet's own rising and for 
that time one should calculate the lambana and theayanafi." 104 

The whole process has been explained by Bhattotpala as follows : 

"The planet which lies in the lower orbit is the occulting planet (or the occulter); it is to be 
assumed as the Moon The planet which lies in the higher orbit is the occuPed planet; P is to 
be assumed as the Sun Then, assuming the time of conjunction (of the two planets) as 
reckoned from the rising of the occuPed planet as Xhetithyanta, calculate Xhelagna for that 
tithyanta , with the help of (the longPude of) the occulted body, which has been assumed as 
the Sun, and the oblique ascensions of the signs. Subtracting three signs from that, calcu- 
late the corresponding declination (i.e. the declination of the vitnbha) 105 Taking the sum of 
that (declination) and the local latitude when they are of like directions, or their difference 
when they are of unlike directions, calculate the lambana (for the time of conjunction) as in 
the case of a solar eclipse When the longPude of the planets in conjunction is greater than 
(the longitude of) the vitnbha , subtract this lambana from the time of conjunction, and when 
the longitude of the planets in conjunction is less than (the loqgfude of) the vitnbha , add 
this lambana to the time of conjunction; and iterate this process : this is how the lambana is 
to be calculated. Then from the longitude of the vttnbhalagna which has got iterated in the 
process of iteration of the lambana , severally subtract the ascending nodes of the two plan- 
ets, and therefrom calculate the celestial latitudes of the two planets, as has been done in 
the case of the solar eclipse. Then taking the sum or difference of the declination of the 
vitnbhalagna , the latitude of the vitribhalagna , and the local latitude, each in terms of de- 
grees, (according as they are of like or unlike directions), in the case of both the planets 
Then applying the rule. "Multiply the R sine of those degrees of the sum and difference by 
1 3 and divide by 40: the result is the avanati ," calculate the avanatis for the two planets. 
Then calculate the latitudes of the occuPed and the occulting planets in the manner stated 
in the chapter on the rising and setting of the heavenly bodies, and increase or decrease 
them by the correspondingawmafcs according as the two are of like or unlike directions: the 
results are the true latitudes (of the occuPed and occulting planets).Take the sum or differ- 
ence of those true latitudes according as they are of unlike or like directions The resuP of 
this is th esphuta-wksepa. 

M Having thus obtained the sphuta-vik§epa, one should see whether there exists 
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eclipse-relation between this sphuta-viksepa and the diameters of the discs of the two 
planets. If the sphuta-viksepa is less than half the sum of the diameters of the two planets, 
this relation does exist; if greater, it does not. The totality of the occupation should also be 
investigated as before.Then, (severally) subtract the square of the sphuta-viksepa from the 
squares of the sum and the difference of the semi-diameters of the occulted and occulting 
planets, and take the square roots (of the results). Multiply them by 60 and divide by the 
difference or sum of the daily motions of the planets as before then are obtained the 
sthityardka and the vtmardardha, (respectively) They are fixed (by the process of 
iteration) as in the case of a solar eclipse The sthityardka and vimardSrdha having been 
obtained in this way, they should be corrected by the lambana obtained by the process of 
iteration Then the time of apparent conjunction should be declared as the time of the mid- 
dle of the occultabon; this diminished and increased by the (spar&ika and mauksika) 
sthityardhas, (respectively), the times of contact and separation (of the two planets), and 
the same diminished and increased by the sparSika and mauksika vimardardhas (respec- 
tively), the time of immersion and emersion.* 108 

Bhaskara || explains the same as follows : 

"When there is bheda-yuti, then one should compute the lambana etc as in the cae of a 
solar eclipse There, the lower of the two planets is to be assumed as the Moon and the 
upper one as the Sun Why are they so assumed 9 To compute the lambana etc But the 
lagna, which is obtained in order to find the vitnbhalagna, is to be computed from the actual 
Sun, not from the assumed Sun. For what time is thefo^na calculated from the Sun 9 For 
the time of conjunction (in longitude of the two planets) What is meant is this . On the day 
the conjunction (of the two planets) takes place, find the^Aajts of the night elapsed at the 
time of conjunction Therefrom calculate the Sun as increased by six signs, and therefrom 
the/agna.Then calculate the oitnbha and then the corresponding (i e R sine of the 
altitude of the wrn6Aa).Then, applying the rule : "Multiply the R sine of the difference of that 
vitnbha and the assumed Sun by 4 and divide by the radius, and so on," calculate the 
lambana and nati, as before Then correct the time of conjunction by that lambana But the 
lambana etc. should be applied only when the two planets are fit for observation In this 
bheda-yuti, the north-south distance between the planets is the latitude, and the direction of 
the latitude is that in which the assumed Moon lies, as seen from the assumed Sun Now is 
stated the peculiarity in the case otpanlekha (graphical representation of the occultation) 
When the lower planet, i|jpich has been assumed as the Moon, is slower or retrograde, 
then one should understand that the contact (of the two planets) occurs towards the east 
and the separation towards the west In the contrary case, one should understand that the 
contact occurs towards tits west and the separation towards the east. We have stated here 
the (notable) points of difference in the case ofSheda-yoga : there is no other difference in 
the procedure." 187 


CONJUNCTION ALONG THE CIRCLE OF POSITION 
(SAMAPROTlMA-YUTI) 

Conjunction in longitude, though theoretically sound and perfect, suffered from one 
practicat setback, viz. that there being no star at the pole of the ecliptic such a con- 
junction could not be observed with precision and so the calculated time of its occur- 
rence could not be confirmed by observation. Brahmagupta noted that the stars Citra 
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(Spica) and SvatT (Arcturus), which, though of unequal longitudes, were seen daily to 
be in conjunction along the circle of position (samaprota-vrtta). This conjunction was 
easily observable and agreement between computation and observation in this case 
could be established. Brahmagupta therefore gave preference to conjunction along 
the circle of position over conjunction in longitude. 

To obtain the time when two planets are in conjunction along the circle of position, 
Brahmagupta first finds the time of their conjunction in longitude and then he derives 
how much earlier or later conjunction along the circle of position takes place. He 
states two rules for the purpose, one gross and the other approximate. 


BRAHMAGUPTA'S GROSS RULE 


Brahmagupta's gross rule runs as follows : 

“Find the udayalagna (the nsing point of the ecliptic at the time of nsing of the planet) and 
also the astalagna (the setting point of the ecliptic at the time of setting of the planet) of the 
two planets equalized up to minutes of arc (i e. for the time of their conjunction in longitude). 
Then find thegfta&s of the day-lengths of the two planets by adding togetherthe times of 
rising at the local place of (1 ) the untraversed part oi the udayalagna, (2) the traversed part 
of the astalagna as increased by six signs, and (3) the intervening signs, (in each case) If 
out of the two planets (in conjunction in longitude), the planet with lesser udayalagna is 
such that tisastalagna increased by six signs is smaller than the other pimet'sastalagna, 
increased by six signs, one should understand that the conjunction of the two planets along 
the circle of position is to occur; 1 08 if greater, one should understand that the conjunction of 
the two planets along the circle of position has already occurred. 

"Now (in the case of both the planets) multiply the minutes of the difference between the 
planet's astalagna plus six signs and the udayalagna by thegfofis of the planet's own day- 
length The result (in each case) should be taken as negative or positive according as the 
astalagna plus six signs is smaller or greater than the udayalagna. In case these results are 
both negative or both positive, divide the minutes of the difference between the planets' 
own uday alagnas by the difference of the two results, in case one result is positive and foe 
other negative, divide the same minutes by the sum of the two results (This gives foe time, 
in terms of ghatis, to elapse before or elapsed since the conjunction of foe two planets 
along foe circle of position, at the time of their conjunction in longitude) By these*/w*w 
multiply the minutes of the difference between the planet's udayalagna andastalagna, foe 
latter increased by six signs, and divide by th sghatis of the planefs own day-length. By foe 
rsulting minutes increase or diminish the planet's own udayalagna according as it is smaller 
or greater than the planet's (own) astalagna plus six signs * then is obtained the planets 
common longitude at the time of their conjunction along foe circle of position. In case it is 
less than the udayalagna for that time in the night or greater than foe udayalagna plus six 
signs, the two planets will be seen (in the sky) in conjunction along the circle of position. 

SrTpati, following Brahmagupta, has stated this rule in his Siddhanta-iekhara.™ But 

Lalla and Vatelvara have omitted it. 
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BRAHMAGUPTA'S APPROXIMATE RULE 

The second rule of Brahmagupta which is intended to give better time of conjunction 
(of two planets along the circle of position) than the first rule (stated above), runs as 
follows : 

"Multiply the duration of day for the planet with greater day-length by the time (in ghatis) 
elapsed (at the bme of conjunction in longitude) since the nsmg of the planet with smaller 
day-length and divide by the duration of day for the planet with smaller day-length When 
the resulting time Is greater than the tame elapsed (at the time of conjunction in longitude) 
since the rising of the planet with greater day-length, (it should be understood that) the 
conjunction of the two planets (along the circle of position) has already occurred, when 
less, (it should be understood that) the conjunction of the two planets (along the circle of 
position) is to occur. 111 

“The difference of the two times (in terms ofgAato) is the “first" A similar result derived 
from the two planets, diminished or increased by their motion corresponding to “arbitrarily 
chosengAafw" 112 (as the case may be), is the “second". When the "first" and the "second" 
both correspond to conjunction past or to occur, divide the product (of Vne ghatis) of the 
“first" and the “aibitrarily chosengAafts* by thegAafe of the difference between the “first" 
and the “second*; in the contrary case (i.e. when out of the “first" and the “second", one 
corresponds to conjunction past and the other to conjunction to occur), divide the product 
by (thegAate of) the sum of the “first* and the "second". The resultinggAotis give thegAa&s 
elapsed since orto elapse before the conjunction along the circle of position, at the tame of 
conjunction in longitude, depending upon whether the first" relates to conjunction past orto 
occur. 

The conjunction of two planets, along the circle of position, takes place when the result (in 
ghatis) obtained on dividing by thegAa&s of the day-length of one planet, the product of the 
ghatis elapsed since the rising of that planet and iheghatis of the day-length of the other 
planet, is equal to \heghatu elapsed since the rising of the other planet “ 113 

This latter rule of Brahmagupta has been adopted by Lalla 114 and SrTpati . 115 


ALTERNATIVE FORM OF BRAHMAGUPTA'S APPROXIMATE RULE 

Brahmagupta has stated his approximate rule in the following alternative form also : 

“Multiply the ngcbs of the duration of day for the planet with smaller day-length by thegAaps 
elapsed since the rising of the planet with greater day-length and divide bythegAotw of the 
duration of day for the planet with greater day-length :the result is in terms of nocks. When 
these naifi* are less than theghatis elapsed since the rising of the planet with smaller day- 
length, (it should be understood that) conjunction (along the circle of position) of the two 
planets has already occurred, when greater, (it should be understood that) conjunction is to 
occur. Assume the difference of the two, in terms of ghatis, as the "first" Now multiply the 
daiy motion of each planet by "foe arbitranly chosengAa&s" and divide each product by 60 . 
add the result to or subtract it from the longitude of the corresponding planet according as 
the conjunction has occurred or is to occur. Then obtain the difference similar to the “first" 
and call it “second*. When both the differences, fire "first" and the “second”, correspond 
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either to conjunction past or to conjunction to occur, divide the product of the "first" and the 
"arbitrarily chosengftaris" by the difference of the “first" and the “second"; in the contrary 
case (i e when out of the "first" and the "second", one corresponds to conjunction past and 
the other to conjunction to occur), divide that product by the sum of the "first" and the 
"second" The resulting ghatis give the ghatis elapsed since or to elapse before the con- 
junction of the two planets (along the circle of position), depending upon whether the "first" 
relates to conjunction past or to conjunction to occur If by applying the above rule once 
conjunction of the two planets is not amved at, the rule should be iterated (untl one does 
not get the conjunction of the two planets) 

This alternative form of Brahmagupta's approximate rule has been adopted by VateSvara 
who states it as follows ; 

"Multiply the duration of day for the planet with smaller day-length by the time (in ghatis) 
elapsed since the rising of the planet with greater day-length, and divide by the duration of 
day for the planet with greater day-length When the resulting time is greater than the time 
elapsed since the rising of the planet with smaller day-length, (it should be understood that) 
the conjunction (along the circle of position) of the two planets is to occur, in the contrary 
case, (it should be understood that) the conjunction has already occurred 

"The difference of the two times (interms ot ghatis) is the “first". Asimilar difference derived 
from the "ghatis arbitrarily chosen" (lor ghatis elapsed since or to elapse before conjunc- 
tion) is the “second". When both the “first" and the "second” correspond either to conjunc- 
tion past or to conjunction to occur, divide the product of the "first" and the “arbitrarily cho- 
sen ghatis" by theghatis of the difference between the “first" and the “second"; in the con- 
trary case (i e when out of the "first" and the "second", one corresponds to conjunction past 
and the other to conjunction to occur), divide that product by (theghatis of) the sum of the 
“first" and the "second". The resulting ghatis give the ghatis elapsed since or to elapse 
before the conjunction of foe two planets (along foe circle of position), depending on whether 
foe “first" relates to conjunction past orto occur ." 117 

Munlsvara has criticised conjunction along the circle of position advocated by 
Brahmagupta, for the reason that the time of such a conjunction will differ from place 
to place, and so it will create confusion in making astrological predictions. See 
Siddkanta-sarvabhama, Bharahayuti, vs. 15, p. 543. 


ARYABHATA ll'S RULE 

Aryabhata II gives the following rule to find the time of conjunction in celestial longi- 
tude and that of conjunction along the circle of position : 

‘Divide foe difference (in minutes) between the longitudes of foe two planets (whose con- 
junction is under considerabon) by the difference between foe daily motions (of foe two 
planets), provided they are both direct or both retrograde; if one of foe planets is retrograde 
(and foe other direct), divide by the sum of foe daily motions (of foe two planets); the result 
gives the days elapsed since the conjunction of the two planets, in case foe faster planet is 
greater than the other, and also if foe planet with lesser longitude is retrograde (and the 
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other direct). When both the planets are retrograde, the case is contrary to what happens 
when both the planets are direct The two planets should then be calculated for the time of 
conjunction. Then the two planets become equal in longitude 

"When conjunction suitable for observation (i.e. along the circle of position) is required, then 
the two planets should be corrected for the aycma-drkkarma and aksa-drkkarma also The 
time when they become equal in longitude, is certainly the time of conjunction (along the 
cucle of position ).- 118 

Indications of this rule occurs in the Surya-siddhdnta n9 and the Vatesvara- 
siddhanta 120 also. According to Kamalakara, a staunch follower of the Surya- 
siddhanta, however, the conjunction of the planets and stars taught in the Surya- 
siddhanta is in celestial longitude . 121 


CONJUNCTION IN POLAR LONGITUDE 
(DHRUVAPROTlYA-YUTI) 

Bhaskara II has given rules for conjunction in celestial longitude as well as conjunction 
in polar longitude. But as there is no star at the pole of the ecliptic conjunction in 
celestial longitude does not, says he, create confidence in the observer; while there 
being one at the pole of the equator conjunction in polar longitude is better for obser- 
vation. However, conjunction of two planets, in his opinion, really occurs when the two 
planets are nearest to each other and this happens when the two planets are in 
conjunction in celestial longitude only . 122 He has given no credit to conjunction along 
the circle of position probably because it was not universal He has not even men- 
tioned this conjunction. 

Bhaskara ll's rule for the conjunction of two planets in polar longitude runs thus : 

‘Divide the minutes of the difference between the longitudes of the two planets by the 
difference of their daily motions (if both are direct or both retrograde); if one of them is 
retrograde (and the other direct), divide by the sum of the daily motions (of the planets): the 
result is the number of days elapsed since the conjunction of the two planets provided the 
slowerplanet has lesser longitude than the other, or if, one planet being retrograde, its 
longitude is lesser than that of the other. If otherwise, the conjunction occurs after the 
days obtained, if both the planets are retrograde, the result is contrary to that for direct 
planets (This gives approximate time for conjunction To get accurate time, proceed as 
follows:) 

"(Calculate the longitudes of the planets for the time of conjunction and) apply the ayana- 
drhkarma (to them). Iterate the process until the time of conjunction is not fixed. When this 
is done, the two planets he on the same great circle passing through the poles of the equa- 
tor. The planets are then said to be in conjunction in the sky. If the ayana-drkkarma is not 
appBed, the planets lie on the same secondary to the ecliptic ." 123 
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2. CONJUNCTION OF A PLANET AND A STAR 

The conjunction of a planet and a star is treated in the same way as the conjunction 
of two planets and the rules in the two cases are similar. The only remarkable differ- 
ence is that the stars, unlike the planets, are supposed to be points of light having no 
diameter and fixed in position having no eastward daily motion. 

Bhiskara I says : 

"All planets whose longitudes are equal to the longitude of the junction-star of anaksatm' 24 
are seen in conjunction with that star (Of a planet and a star) whose longitudes are un- 
equal, the time of conjunction is determined by proportion 

“The distance between a planet and a star (when they are in conjunction) is determined 
from (the sum or difference of) their latitudes 126 

Brahmagupta says 

“If the longitude of a planet is less than the longitude ( dhruvaka ) of a star, their conjunction 
is to occur; if greater, their conjunction has already occurred If the planet is retrograde, 
reverse is the case The rest is similar to that stated in the case of the conjunction of two 
planets. 127 

Lalla says : 

“If the longitude of a planet is greater than the longitude of the junction-star of a nakfcctra, 
their conjunction has already taken place, if less, it will take place. If the planet is retrograde, 
the contrary is the case The rest is similar to that in the case of the conjunction of two 
planets “ 12a 

A similar statement has also been made by Vatesvara, 129 Aryabhata II , 130 SrTpati, 131 
the author of the Surya-siddhanta , 132 and others. 

In the case of occultation, Brahmagupta says : 

“When a planet is on the same side of the ecliptic as the junction star of a naksatra, the 
planet will occult the junction star if its true latitude is greater than the latitude of the junction 
star minus the semi-diameter of the planet or less than the latitude of the junction star plus 
the semi-diameter of the planet." 133 

The occultation of a star by the Moon was considered important. So the occultation of 
certain prominent stars was specially noted and recorded by the Indian astronomers. 

Bhaskara I says : 

“The Moon, moving towards the south of the ecliptic, destroys (i.e. occults) the Cart of 
Rohini (the constellation of Hyades), when its latitude amounts to 60 minutes; the junction 
star of Rohini (i e Aldebaran), when its latitude amounts to 256 minutes, (the junction star 
of) Citra (i e. Spica), when its latitude amounts to 95 minutes; (the junction star of) Jyejths 
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(i e. Antares), when its latitude amounts to 200 minutes; (the junction star of) Anuradha , 134 
when its latitude amounts to 1 50 minutes; (the junction star of) Satabhisak (i e , X Aquarii), 
when its latitude amounts to 24 minutes, (the junction star of) ViSakhs , 135 when its latitude 
amounts to 88 minutes, and (the junction star of) Revati (i e., Zeta Piscium), when its lati- 
tude vanishes. When it moves towards the north (of the ecliptic), it occults the naksatra 
Krttika (i e. Pleiades), when its latitude amounts to 1 60 minutes, and the central star of the 
naktatra Magha, when it assumes the greatest northern latitude These minutes (of the 
Moon's latitude) . are based on actual observation made by means of the Yajti instrument 
(i e the Indian telescope) 1,138 

Brahmagupta says : 

The planet whose south latitude at 1 7 s ofTaurus exceeds 2°, occults the Cart of Rohini 137 
The Moon, when it has the maximum north latitude, occults the third star of Magha, when it 
has no latitude. It occults Pusya, Revati and Satabhlsak ."’ 38 

Lalla says : 

The Moon, situated in the middle of thenaksatra Rohini, occults the Cart of Rohini, when its 
southern latitude amounts to 2° 40', (the junction star of) the naksatra Rohipi, when its 
southern latitude is 4°30‘ , the middle of thenaksatra Magha, when its north latitude amounts 
to 40°30', and the naksatras Revati, Pusya and Satabhisak, when it is devoid of latitude " 139 

VateSvara says • 

The planet, whose latitude at 1 7° ofTaurus amounts to 1 ^degrees south, occults the Cart 
of Rohini. The Moon with its (maximum) latitude south (i.e , 4° 30' S) covers the junction star 
of Rohiiji .‘' M0 


SrTpatt similarly says : 

The planet whose southern latitude at 1 7° ofTaurus exceeds 2° certainly occults the Cart 
of Rohiijl.The Moon with its longitude equal to that of (the junction star of) Magha occults the 
third star of Magha, when it has maximum (north) latitude, and the naksatras Satabhijak, 
Revati and Pusya when its longitude is equal to their longitudes" 141 
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INDIAN CALENDAR FROM POST-VEDIC 

PERIOD TO AD 1900 


S. K CHATTERJEE 
and 

A. K. CHAKRAVARTY 

Calender is a method for counting in a systematic and continuous manner the succes- 
sive days in the ever-flowing aeon of time by cyclic periods. These periods are ex- 
pressed by units named as year, which is normally divided into 12 parts known as 
month, for the purpose of recording in a chronological and systematic manner past 
and current events as well as for fixing and communicating precisely the time when 
future activities are proposed to be undertaken. The basis of calendar keeping has 
been the motion of two luminaries in the sky, namely the Sun and the Moon.The time 
period of the successive return of the Sun to the same star or equinox, which is really 
the time period of the revolution of the Earth around the Sun, forms the measure of 
the solar year and is the basis of all solar calendars. Again the time period of the 
successive return of the Moon in opposition or conjunction to the Sun in relation to 
the Earth, when full moon or new moon occurs, is the measure of the lunar month, 
and 12 such successive months form the lunar year, and this is the basis of all lunar 
calendars. In the present day the above two types of calendars are in use. 

In the earliest recorded period of Indian history, which is the Vedic penod, there is 
evidence of some calendric system based on the motion of the Sun and the Moon. 
The development of calendric astronomy in India in a systematic manner may be 
taken to have commenced from the time when the first treatise known as Vedanga 
Jyotisa containing elementary astronomical data regarding the Sun and the Moon for 
calendar keeping was compiled. 

VEDANGA JYOTISA 

There is no dear indication when the Vedanga Jyotisa text was written or when it 
came into use. It can only be inferred from the astronomical references given in the 
text In the Yajus as well as the Rk recension of the Vedanga Jyotisa it has been 
mentioned that the yuga, which is the five-year cyclic period of this calendar, 
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commences from the suklapratipada day of the month of MIgha when the Sun and 
the Moon return together at the SravisthI star, (which was later called Dhamstha and 
identified now as P Delphim), and when also uttarayana (winter solstice) takes place. 
It, therefore, points to the astronomical situation that at the time when the Vedanga 
Jyotisa text was wntten, the winter solstitial colure passed through the Dhamstha star 
which may be presumed to be either p or a Delphim, and this gives the approximate 
time of formulating the Vedanga Jyotisa somewhere between 1400 and 1300 B C. It 
can not be said with certainty that visual observation made at the time was very 
accurate, and Colebrooke suggested that the 1100 B.C. would be more reasonable. 

The Vedanga Jyotisa is available in two recensions, the Rk and the Yajus There is 
also another book known as Atharva Jyotisa but it is quite a different one.The Vedanga 
Jyotisa attached to the Rgveda has 36 verses, and is ascribed to one Lagadha of 
whom nothing much is known The Jyotisa attached to the Yajurveda has 44 verses. 1 
There is much in common between the two books. Out of 36 verses oiRk recension 
30 are found in the Yajus recension, and the total verses dealing with the Vedanga 
Jyotisa become 50. 2 The verses, however, do not seem to be arranged in a very 
systematic manner, and this tends to indicate the possibility of some meddling with 
the onginal text. 3 

The Vedanga Jyotisa calendar was formulated on the basis of cycle-periods of five 
years, which has been called yuga, with the stipulation that at the commencement of 
each yuga period both the Sun and the Moon would be at the longitudinal position of 
Dhamstha star when it would also be the uttarayana day. The details of this yuga 
period as ascertained from Vedanga Jyotisa are given below : 


(1) 

Number of years 

5 

(2) 

Number of savana or civil days (5 x 366 days) 

1830 

(3) 

Number of solar months (5x12) 

60 

(4) 

Number of lunar months (synodic) 

62 

(5) 

Number of lunar months (sidereal) 

67 

(6) 

Number of intercalary lunar months (62 - 60) 

2 

(7) 

Tithis (lunar days) (62 x 30 days) 

1860 

(8) 

Number of omitted or ksaya tithis (1 860 - 1 830) 

30 

(9) 

Number of riak$atm days (67 x 27 days) 

1809 


Let us examine if the above calendar satisfied the three main astronomical stipula- 
tions made in the text, namely, (a) at the beginning of each yuga, when the year 
started from the 1st day of the month of Magha, the Sun and the Moon returned 
together : this is the same thing as saying that it was a new moon day, or the begin- 
ning of Sukla pratipada day ; (b) at that time the Sun in conjunction with the Moon 
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was at the Dhamstha star (p Delphim), meaning that the Sun was located on the 
ecliptic at the point cut by the secondary passing through the Dhamstha star ; and (c) 
the first day of the yaga cycle coincided with the uttardyana day, that is, the Sun was 
also then at the winter solstitial point, that is, on that day the solstitial colure passed 
through Dhamstha star. 

Analysing the first stipulation, it will be observed that 62 synodic lunar months 
equal 62 x 29 53059 days = 1830 8965 days, say 1830.9 days But the length of a 
yuga compnses of 1830 days, and hence to maintain the arrangement that the first 
day of the yuga will be a new moon day, same as the beginning of &ukla pratipada, it 
is necessary to add one day to the five-year penod of yuga of 1830 days. It is very 
likely that this day was added at the end of the yuga period. 4 But this correction will 
exceed by 0.1 day after each yuga period, and hence to keep the adjustment correct, 
the addition of one day is to be omitted after someyugos.This was also very probably 
done on the basis of observation. 

Regarding the second stipulation that the yuga began with the Sun and the Moon 
returning together at the Dhamstha star, it should be stated that this could not 
possibly happen for all yugas. It was perhaps the case when the Vedanga Jyotisa 
calendar was first introduced and similar conditions could only be obtained at inter- 
vals of several yugas after applying corrections as explained below As the yugas 
commenced with the Sun returning to the star Dhamstha, the year was sidereal 
Hence the correct length of 5 solar years of the yuga will be equal to 
5 x 365.256363 = 1826.2818 days.The length of 62 synodic lunar months is equal 
to 62 x 29.53059 = 1830.8966 days. The difference between the two is 4.6148 days, 
and this means that the new moon will occur later successively by the above period in 
each yuga in relation to the Sun returning to the Dhamstha star, and this difference 
will increase to one lunar month in 6.4 yugas. It is obvious that this incongruity in the 
occurrence of the phases of the Moon in relation to the calendar days could not have 
escaped the notice of the Vedanga Jyotisa astronomers who might have carried out 
the required adjustments to prevent the calendar from going astray from the laid 
down stipulations otherwise it could not have continued to be in use for as long a 
period as more than 1000 years. 

The correction required will be the omission of three lunar months in 1 9 yugas, which 
means omission of one lunar month after each of the two successive 6 -yuga periods, 
and then one lunar month again after the 7 -yuga period. This might have been done 
by having one intercalary month instead of two at the end of the yugas mentioned 
above. 5 Perhaps the necessary adjustments were carried out by the assembly of 
priests responsible for the calendar on an ad-hoc basis as and when it was found 
necessary on actual observations, or on some formula as mentioned above. The 
actual mode adopted, however, is not known. 
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As regards, the third stipulation that the 1 st day of the yuga will be the uttarayana 
day with the Sun and the Moon returning to Dhamstha star, it should be said that this 
astronomical situation could not have continued for a very long time. This is because 
the length of sidereal year and tropical year is not the same, the latter is shorter than 
the former by 20 m 24 s due to the precessional motion of the Earth which is at 
present 50" .27 per year, and was about 49".61 at 1 000 B.C. and it was 49“.83 in the 
beginning of the Christian era. It took approximately 72.6 years at that time for the 
winter solstitial point to move by I 6 , and hence in the course of about 970 years this 
point would retrograde through one naksatra division. This precessional motion was 
not known to the Vedanga Jyotisa astronomers, and as a matter of fact in that early 
age it was also not known to astronomers of other ancient nations. As the precessional 
motion is very slow, the marked shifting of the winter solstitial colure passing through 
Dhamstha would have been markedly observed only after a large number of yugas, 
more probably after a few centuries Nothing seems to have been done about this 
because nothing could be easily done unless the stipulation that the year starts from 
Dhamstha star was changed It was only at about 400 B C or so, when the winter 
solstitial point had retrograded by one naksatra division from Dhamstha to Sravana, 
certain adjustments were effected by the then astronomers to conform to the changed 
astronomical situation as may be seen from the verse 44, 2 in Asvamedha Parva of 
the Mahdbharata where it is stated that the naksatras start from Sravana, and the 
seasons from Sisira (winter) and the month from sukla pratipada.TYus really means 
that the year-beginning was changed from Dhamstha to Sravana star in order to keep 
the starting of the year of the calendar, adjusted to Uttarayana day, as before 

It has been mentioned that a yuga comprises of 62 lunar months of which two are 
intercalary, and these were placed after every 30 lunar months. As the year started 
with Magha, in the 3rd year there were two lunar Sravanas, the first one being an 
intercalary or adhika month. Similarly in the 5th or last year of a yuga, an intercalary 
or adhika month was placed at the end— this being an adhika Magha, it was added at 
the end of the year. 6 It might possibly have been named as Pausa even though it was 
coming after the normal Pausa because Magha being the 1st month of the year, a 
mala month named as Magha occuring at the end of the year might have been avoided. 

One of the important objectives of the Vedanga Jyotisa calendar was the correct 
prediction of tithi and naksatra day for any savana (civil) day, and the rules in this 
matter gave more accurate results. A tithi in this calendar has been defined as ^th 
part of a lunar month, there being 1 860 tithis in a yuga of 1 830 civil days or 62 tithis 
in the period of 61 days. So to keep the relation between the tithi day and civil day 
correct in the cycle of yugas, one tithi was omitted after 61 civil days, that is, then a 
ksaya tithi occurred. The months of the Vedanga Jyotisa calendar were lunar, and 
hence its length in the number of civil days was governed by the above factor. The 
correct mean length of a tithi, however, is equal to 29.53059/30 day = 0.984353 day, 
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and so 62 tithis will actually measure 62 x 0.984353 days = 61 029886 days This 
excess period would work out as 1 day in about 4075 days or in about 5 67 years 
Therefore to keep correct the tithi calculations, one day was added at the end of a 
yuga as it was found necessary (See Table 9.1). 

During the Vedanga Jyotisa times, the days were also reckoned by the names of 
naksatras, that is, by the naksatra divisions which the Moon then occupied The 
number of naksatra days in a yuga of 1830 civil days was 1809, and hence the 
difference between the civil days and naksatra days in a yuga was 21 . This means 
that 86.143 naksatra days are equivalent to 87.143 civil days The relation be- 
tween the two forms of days was maintained by counting successively one naksatra 
day for each civil day for 86 days and then repeating the same naksatra day on the 
87th day so that 86 naksatras were spread over 87 days. However, the correct 
length of 1 naksatra day = 27.321 66/27 or 1 .01 1 91 3 days, while the length actually 
taken is 1830/1809 or 1.011608 days. The difference is 0.000305 days on the less 
side, and hence a further correction of 1 naksatra day after 3279 days or about 9 
years would be required to keep the calendar correct, and this was probably done as 
and when required. 

The five different years of the yuga have different names, which are (1) Samvatsara, 
(2) Panvatsara, (3) Idavatsara, (4) Anuvatsara and (5) Idvatsara. These names, incidentlly, 
are not found in the Vedanga Jyotisa text as known to us, but commentator Somakara 
has quoted some verses belonging to Garga which describes the five-yearyagu as that 
given in the Vedanga Jyotisa text, and states the names of the five years as mentioned 
above. The layout of the five-year yuga in terms of its months and their lengths is 
shown in Table 9.1 below : T 


Table 9.1 


Months 


Name of the years 



Sam- 

vatsara 

Pan- 

vatsara 

Ida- 

vatsara 

Anu- 

vatsara 

Id- 

vatsara 


1 

2 

3 

4 

5 

Magha 

30 

29 

29 

29 

29 

Phafguna 

30 

30 

30 

30 

30 

Caitra 

29 

29 

29 

29 

29 

VatSakha 

30 

30 

30 

30 

30 

iy«sth* 

29 

29 

29 

29 

29 

A£4ha 

30 

30 

30 

30 

30 

Sravana (Adhtlca) 

— 

— 

29 

— 

_ 

SrSvana 

29 

29 

29 

29 

29 
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Table 9.1 (Continued) 


Bhadrapada 

30 

30 

30 

30 

30 

Alvina 

29 

29 

29 

29 

29 

Kartika 

30 

30 

30 

30 

30 

Margallrsa 

29 

29 

29 

29 

29 

Pausa 

30 

30 

30 

30 

30 

Pausa or Magha 8 

— 

— 

_ 



29 or 30 

(Adhika) 






Total No of the days 
of each of the year 

355 

354 

384 

354 

383 or 384 


Total No. of days in a yuga 1 830 or 1 831 days 


The Vedanga Jyotisa book has given the list of 27 naksatras at two different places, 9 
and at one place the deities of the naksatras are also mentioned. Incidentally the 
naksatra system was known also in theVedic period. Though Rk Samhita does not 
mention names of all the 27 naksatras in the Moon's path, the Taittiriya Brahmaim 
gives the names of all the 27 naksatras with deities, and Atharva Samhita mentions 
28 naksatras — Abhijit being the additional one. 

It will be noticed that Vedanga Jyotisa months are amanta, that is, these ended with 
amavasya and began with sukla pratipada while in Vedic times the months were 
generally pumimanta, that is, those ended with pumima and began with krsna 
pratipada. As it happens, both these systems are still followed in the country, the 
north and north-west parts mostly follow purnimanta system while other parts follow 
amanta system, but in determining lunar months and also for fixing the adhika and 
ksaya months, amanta system is mainly followed. 

In the Vedanga Jyotisa the first naksatra is not specifically mentioned. It has, how- 
ever, been stated that the year starts with the Sun at Dhamsthl star, but while men- 
tioning the lords of the naksatras in verses 38 to 40 of Yajus Jyotisa, the list starts 
with Krttika.This, it appears, is the consequence of the practice followed in earlyVedic 
times when spring equinox was located at Krttika group of stars, and the year started 
from that naksatra. The rasi system for indicating the positions of the Sun and the 
Moon on the basis 12 equal divisions of the ecliptic was not in use, their positions 
being given with respect to naksatras. 

The Vedanga Jyotisa calendar has been framed on the basis of the mean motions of 
the Sun and the Moon, and there is no reference about the motion of the planets. The 
true motions of these two luminaries were not used because it required constant and 
careful observations, and astronomy had not developed then to that extent. 
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JAINA ASTRONOMICAL TREATISE — SURYAPRAJNAPTI 

Several other treatises dealing with calendar can be assigned to the later part of the 
Vedanga Jyotisa period, and the main book of this period dealing with astronomy as 
propounded by the Jaina sect, is Suryaprajnapti The authorship of this book is 
assigned to Lord Mahavira who lived at about 500 B C but it is likely that the book 
was composed at a later stage at about 200 B.C. or so 10 A well-known commentary 
of this treatise is by Malayagiri. 

For calendricai purposes Suryaprajnapti adopted the same 5-year yuga system of 
Vedanga Jyotisa calendar but started the yuga cycle from summer solstice with the 
full moon taking place at Abhijit naksatra. This indicates that full moon ending month 
was followed as opposed to the new moon ending month of the Vedanga Jyotisa The 
zodiac was divided into 28 naksatra divisions instead of 27, and these were not all 
equal, and the naksatras commenced from Abhijit 11 

TRANSITION PERIOD FROM VEDANGA JYOTISA TO SIDDHANTA 

JYOTISA 

The indigenous Vedanga Jyotisa calendric system exerted its influence for a very long 
time, its use having continued till the time of Satavahana rulers (A.D. 200). Its hold 
started dwindling when improved astronomical knowledge gave rise to a more scien- 
tific and accurate method of predicting astronomical events and consequently to a 
more correct system of calendar keeping.This astronomical knowledge was called 
'Siddhanta Jyotisa', and it gradually superseded the old Vedanga Jyotisa, and by about 
A.D. 400 it completely replaced the old Vedanga system. This transition penod ex- 
tended approximately from A.D. 100 to A.D. 400, and is often termed as a 'dark 1 
period of Indian astronomy because dunng this period no record of its advancement 
or of compilation of any book by any reputed astronomer is found But looking from 
the point of view of development of Indian astronomy, it may not be appropriate to call 
it so. 


The invasion of India by Alexander in 326 B.C. and successive invasions during 300 
B.C. to A.D. 200 by the Macedonian and Bactrian Greeks (Yavanas), Sakas, Parthians 
(Pahlavas), and Kusanas some of whom afterwards settled down in this country along 
with their scholars learned in science, art, and culture, and made India their home, 
opened up the process of exchange of knowledge between Indian and foreign 
savants. The knowledge gained in the field of astronomy was mainly Graeco-Chaldean, 
and this influenced to a considerable extent our thinking on this discipline of science, 
and helped in evolving an improved and more scientific system of astronomy which 
came to be known as siddhantic astronomy. 



INDIAN CALENDAR FROM POST-VEDIC PERIOD TO AD 1900 


283 


The knowledge obtained through the process of contacts with foreign astronomers 
did no doubt influence the evolution of siddhantic astronomy and the calendar based 
on it which is still in force, but it should be stressed that the Indian astronomers did 
not blindly accept and incorporate all the information obtained by them from non- 
indigenous sources in their new system They studied and assimilated what is to be 
learnt from foreign sources, and blended this knowledge with their own after making 
careful observations and deliberations, and evolved a new system of astronomy in 
this country, the most prominent one being that which is enunciated in the Surya- 
siddhanta. 

It should be appreciated that in those days acquisition and dissemination of knowl- 
edge was not an easy task It must have been a very slow, time-consuming, and 
difficult process To replace the well established Vedanga Jyotisa calendnc system, 
which has dominated the Indian scene for almost one and half millemum, by a new 
system though more scientific but somewhat revolutionary, required a lot of delibera- 
tions not only between the leading Indian astronomers themselves, but also perhaps 
between the local and foreign astronomers, between the astronomers and the people 
in general as well as with the ruling elite It would therefore, not be unreasonable to 
think that this process took as long as nearly 300 years from A.D. 100 to A.D. 400 or 
so. Hence the so called dark period may be considered the time when vigorous dis- 
cussions between astronomers and the elite were going on, and gradual transition 
was taking place from Vedanga to Siddhanta system. 


SIDDHANTIC ASTRONOMY : SURYA SIDDHANTA 

The name siddhanta has by derivation the meaning "established conclusion". But in 
reality the name Siddhanta Jyotisa means scientific astronomy giving accurate conclu- 
sions. This system was no doubt a great advancement over the previous system or 
systems, and carried a high esteem in the minds of the people. This led nearly all 
astronomers who compiled their treatises on the waning of the influence of the Vedanga 
Jyotisa, to suffix or prefix the word ‘siddhanta’ with the name of their work. 

Though a number of works did appear under the title 'siddhanta', the most prominent 
work on siddhantic astronomy which ultimately replaced the Vedanga Jyotisa system 
and which is still held in great veneration by paficahga makers is Surya-siddhdnta. It 
is not known who is the original author of this book or who compiled it first The 
original treatise is not available. The first glimpses of this book is found in the Panca- 
siddhantika of Varahamihira (A.D. 550) who, it appears, redacted the version that he 
found in his time by improving some of the old constants taken mostly from Aryabhata- 
i (A.D. 499). The second redaction took place after the time of Brahmagupta on the 
basis of his books Brahmasphuta siddhanta, and Khandakhadyaka. But again, though 
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much later, the then astronomers felt that the constants provided were no longer 
correct and needed improvement A further change was made to some of the con- 
stants by improving on the number of revolutions that the luminaries were assumed to 
make in a Mahayuga, and this correction is known as bija correction. These changes 
might have been effected from time to time, and according to Bentley the bija correc- 
tions, as followed now, came into use in the 16th century. 12 

The Surya-siddhanta, both Varaha's version and the modern, and other ancient works 
on Indian astronomy have all expressed the astronomical constants in terms of 
Mahayuga consisting of 4.32 x 10® solar years following the lines of Aryabhata I, and 
the Table 9.2 gives the number of civil days in a Mahayuga as stated by different 
authorities, and the derived number of civil days in a solar year. 13 

Table 9.2 : Number of days in a Mahayuga and a year 


Name of the book 

Days in a Mahayuga 

Days in a year 

Aryabhatiya of Aryabhata 

1577917500 

365258680 

Khandakhadyaka of Brahmagupta 

1577917800 

365258750 

Surya-siddhanta of Varahamihira 

1577917800 

365258750 

Surya-siddhanta (Modern) 

1577917828 

365258756 


The length of the solar year of the Surya-siddhanta has been compared with 
the modern value as well as that given by the Greek astronomers Ptolemy and 
Hipparchus, and this is shown below in Table 9.3. Hipparchus’s value has been 
used by Romaka-siddhanta. Surya-siddhanta astronomers however did not use 
the length of the sidereal year as given by Ptolemy, which incidentally was more 
accurate, but calculated their own values 


Table 9.3 : Length of the Solar year 




d 

h 

m 

s 


days 

1. 

Varahamihira's Surya-siddhanta 

365 

6 

12 

360 

ss 

365 258750 

Z 

Modem or Current Surya-siddhanta 

365 

6 

12 

366 

s 

365.258756 

3. 

Correct modem value : M 








(a) Sidereal year 

365 

6 

9 

98 

— 

365 256363 


(b) Tropical year 

365 

5 

48 

452 

= 

365.242190 

4 

Claudius Ptolemy (AD. 150) 

365 

6 

9 

486 


365.256 813 1 ® 

5. 

Hpparchus (140 B.C.) 

365 

5 

55 

120 

= 

365.246 667 1 * 
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A reference has already been made to the bija corrections made to some of the 
constants of Surya-siddhanta, andTable 9.4 below shows the constants of planetary 
revolutions given in the Surya-siddhanta before and after bija corrections 

Table 9 4 • Planetary revolutions (sidereal) in one Mahayuga of 4.32 x 10® years 
assumed at different stages of redaction of Surya-siddhdnta 17 


Sun, Moon 
and the 
planets 

Surya- 
siddhdnta 
of Varaha- 
mihira 

Modem Change 

Surya - made in 

suidhanta modem 

siddhanta 

(Cols 2 
&3) 

Revolutions 
in modern 
Surya- 
siddhdnta 
revised by 
bija correction 

Change made 
from modern 
Surya- 
siddhanta 
by bija 
correction 
(Cols 3 & 5) 

1 

2 

3 

4 

5 

6 

Sun 

4320000 

4320000 

Nil 

4320000 

Nil 

Moon 

57753336 

57753336 

Nil 

57753336 

Nil 

Moon's apogee 

448219 

448203 

-16 

448199 

-4 

Moon' node 

232226 

232238 

+12 

232242 

->4 

Mercury 

17937000 

17937060 

+60 

17 937044 

-16 

Venus 

7022388 

7 022376 

-12 

7022364 

-12 

Mars 

2296 824 

2296832 

+8 

2 296 832 

Nil 

Jupiter 

364220 

364220 

Nil 

364212 

-8 

Saturn 

146564 

146568 

+4 

146580 

+12 


On the basis of the number of savana (civil) days and of the number of the revolutions 
that the Sun, Moon, and planets make in a Mahayuga, another Table numbered 9.5 
has been placed below which shows the sidereal period in days of one revolution by 
the Sun, the Moon and planets as adopted at different stages of development of 

Surya-siddhanta™ 

Table 9.5 : Period in days of one sidereal revolution of the Sun, the Moon, and the 

Planets 


Planets 

Surya-siddhanta 

(Varahamihira) 

Surya-siddhanta 

(in modern) 

Surya-siddhanta 

(in modern) 
with bija 
correction 

Sidereal 
period 
(modem 
correct value) 

1 

2 

3 

4 

5 

Sun 

365258750 

365.258756 

No change 

26525636 

Moon 

27.3216 7 

2732167 

No change 

27.32166 

Moon's apogee 

3231.98768 

3232 09367 

3232 12015 

323258853 

Moon’s nodes 

6794 75080 

6794 39983 

6794.28280 

679345994 

Mercury 

87.969995 

87 96970 

8796978 

8796926 
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Table 9.5 (Continued) 


Venus 

224 69818 

22469857 

22469895 

22470080 

Mars 

686.99987 

686.997493 

No change 

686 97985 

Jupiter 

4332.32057 

433232065 

433241581 

4332 58892 

Saturn 

107660667 

1076577307 

10764.89171 

1075922653 


A thirdTable 9.6 below shows the period in days of one synodic revolution of the Moon 
and the planets with bija corrections where applicable, along with the modern value 


Table 9.6 : Period in days of one synodic revolution of the Moon and the planets 


Planets 

Period derived from the 
Surya-siddhanta (modem) 

Modem correct 
value 

Moon 

29 530588 

29 530588 

Moon's apogee 

411.79535 19 

41178470 

Moon's nodes 

346 62433 19 

34662003 

Mercury 

11 5.8781 5 19 

115 87748 

Venus 

583.90277 19 

583.92137 

Mars 

779 92427 

77993610 

Jupiter 

398 88837 19 

39888405 

Saturn 

378 08747 19 

37809190 


CORRECTIONS FOR THE INEQUALITIES IN THE MOTION OF THE MOON 

tt will be seen that Surya-siddhanta astronomers were more accurate in calculating 
the synodic periods of the planets than the sidereal periods. In the case of the Moon 
they were marvellously successful in determining the correct value of the lunar month, 
but in calculating its daily position they were not so accurate. In calendar making the 
Moon and the Sun play the main role. To calculate for any instant true position of the 
Moon there are large number of corrections which are required to be applied to its 
mean position. The three foremost causes for the inequality in the motion of the Moon 
are (a) equation of centre inequality of its motion due to its elliptical path around 
the earth causing a difference in angle between the true Moon and the mean Moon to 
the maximum extent of about 6° 17' ; (b) evection inequality of motion due to van- 
ation of the eccentricity of the elliptical orbit of the Moon causing a variation of the 
'equation of the centre', and this causes a further difference which can amount to 
about 1°16‘ ; (c) variation inequality in the motion of the Moon due to the magni- 
tude of variation of attraction of the Sun on the earth-moon system during a synodic 
month, that is, when the Moon is nearest to the Sun during conjunction the latter's 
attraction is more on the former than when the Moon is fartherest away during oppo- 
sition, and this causes a difference to the orient of about 39‘. There is also another 
cause for producing a small inequality in the Moon's motion known as (d) Annual 
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Equation. This is due to annual variation of the earth's distance from the Sun, which 
is greatest at aphelion, and least at penhelion.The maximum value on this account 
may be up to about 1 1' of arc. 

The four principal terms for calculating the modern value of the inequalities of the 
moon's motion for all the four causes mentioned in the preceding paragraph are given 


below . 

20 


(a) 

Equation of centre 

377.3 sin g 

(b) 

Evection 

76'.4 sin (2D-g) 

(c) 

Variation 

39'.5 sin 2D 

(d) 

Annual Equation 

- 1 1 '.2 sin g' 


where g and g' are respectively the angular distances of the mean Moon and the 
mean Sun from their respective perigees (mean anomalies of the Moon and the Sun), 
and D represents the angle between the mean Moon and the mean Sun. 

The early Indian astronomers measured anomaly from apogee as against the mod- 
ern system of measuring it from perigee, and if g 1 represents this angle for the Moon 
from apogee, then g 1 will equal g +1 80°. In this case, the three terms catering for the 
first three inequalities mentioned in the preceding paragraph which cause the great- 
est difference between the true and the mean positions of the Moon, namely (a) 
equation of center, (b) evection, can be rewritten by using g, as follows 


(a) 

Equation of centre 

- 377'.3 sin g, 

(b) 

Evection 

76'.4 sin g, - 152'.8 cos (D - g,) sin D 

(c) 

Variation 

+ 39‘.5 sin 2D 


By adding the above four terms, the expression for calculating the three inequalities 
takes the form in three terms as below 

- 300‘. 9 sin g, - 152' 8 cos (D - g, ) sin D + 39'.5 sin 2D 

The earlier Indian astronomical treatises took into account the inequality of the Moon's 
motion by using expressions which were nearly the same as the first term of the 
above expression as shown below : 


(a) 

Aryabhatiya (also Surya-siddhanta) 

300'.25 sin g 1 

(b) 

Khandakhadyaka 

296' sin g 1 

(c) 

Brahma-sphuta-siddhanta 

293'. 5 sin g, 


The inequality covered by the second term of the above expression was dealt by 
Muftjala (A.D. 932), and this was given by him in the form 
- 144' cos (S L - a) sin D 

where S L stands for longitude of the mean Sun, and a stands for longitude of lunar 
apogee This is nearly the same as the modern form of evection of which a part has 
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been combined with the equation of centre, the difference being that Mufijala's con- 
stant is 144' while the modern value, as shown above, is nearly 153' This inequality 
was also given by Sripati (A D. 1039) in the manner expressed by Munjala but his 
constant was equal to 1 60'. Unfortunately the corrections suggested by these later 
astronomers were not accepted. 

Coming down to Bhaskara II (A.D 1150), we find that he catered for the third inequal- 
ity of the Moon's motion known as 'vanation' but his constant was 34’ in place of the 
correct value which is near to 40‘. The equation for calculating inequality of the Moon's 
motion as given by him was of the form 

-379' 8 sing, +34' sin 2D 

But this had the drawback for not containing any term for evection. Again Bhaskara's 
proposal to make correction to the Moon's mean motion by taking into account 
variation in addition to equation of centre was also not accepted 

The almanac makers of the country who follow the old conventional methods of Surya- 
siddhanta for calculating the position of the Moon take into consideration only the 
first term of the expression for calculating the inequalities in the motion of the 
Moon, namely the term -300' 9 sin g, , and do not take into account the corrections 
required for other lunar inequalities. As such the position of the moon given in the 
almanacs which follow old conventional methods may differ sometimes as much 3° of 
arc which then causes a difference of 6 hours of time between the pahcangas pre- 
pared on the above old conventional mdthod and the modern method. It will, however, 
be interesting to note that the second and third term of the expression given for 
evection and variation, and also the term for the second inequality of the moon's 
rrfcfflbn as given by Munjala and Sripati, and so also the term for third inequality 
indicated by Bhaskara, vanish when D equals 0° or 180°, that is. when it is new moon 
or full moon, only the first term for inequality comes into play. 

As regards the equation of centre of the Sun, the modern value of its principal term is 
115'.2 sin g\ and in A.D. 500 it was 119'.1 sin g', slightly greater than its present 
value. The early Indian astronomers, however, adopted the term 131' sin g' for this 
purpose which gives a little higher value. But this discrepancy can be explained if we 
consider the fact that the astronomers of that time gave more attention in correctly 
determining the difference between the longitudes of the Sun and the Moon, particu- 
larly for finding out the time for new moon and full moon. It will be seen that if the 
values of solar and lunar inequalities depending on g' only (mean anomaly of the Sun) 
are considered for calculating the difference in angle between the Sun and the Moon, 
then its value for the year 500 A.D. will work out as follows : 

S L - M l = 119'.1 sin g' - (- 11 '.6 g') = 130'.7 g' 

and this is the value which has been used by the early Indian astronomers. 
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Note - 1 1 ' 6 g' was the value in A D 500 of the Moon's inequality for annual equation, 
present value being - 1 1'.2 sin g‘ 


RAPID CHANGE OF THE MOON'S ORBIT AROUND THE EARTH 

No celestial body of the solar system other than the Moon has such a complex mo- 
tion, and this is reflected in the necessity of adding the values of a very large number 
of inequalities to the mean position of the Moon to find its true position, and the 
principal inequalities in this respect have been dealt with in the previous paragraphs 
The complexity in the Moon's motion is caused by the fact that the Moon being a body 
of very much smaller mass than the Sun and the Earth around which it moves, its 
motion is constantly perturbed by their gravitational pulls on its tiny body causing 
constant and rapid change of the direction of the line of apsides and of the nodes of 
its elliptical orbit around the Earth, that is, the position of the Moon’s orbit in space in 
relation to the Earth's orbit changes constantly in a very rapid manner No doubt the 
change of the direction of the apse line and of the line of the nodes is a normal 
happening of the elliptical orbits of all the planets, but in the case of the Moon this 
change takes place extremely rapidly as will be seen from the figures given in this 
respect both for the planets end the Moon in Table 9.7 This rapid change of the 
Moon's orbit will be better understood from the perusal of the illustration given in 
Fig. 9 1 It should be stressed that calculation of the true position of the Moon, which 
is a fundamental requirement in the framing of the lunar calendar and paiicanga, is a 
very complicated process, and requires the use of up-to-date formulae and also ad- 
vantageously that of a computer, and this can be done by an establishment organised 
for this purpose 


Table 9 7 : Mean motion and the period of revolution of the perihelia and the nodes 
of (A) the Planets* and (B) the Moon b 

A Planets 




Perihelia 


Node 


Sidereal 

Julian 

Sidereal 

Julian 

Planet 

motion per 

centuries to 

motion per 

centunesto 


Julian 

complete one 

Julian 

complete one 


century 

revolution 

century 

revolution 

Mercury 

573“ 

2261.8 

-760".6 

1730.9 

Venus 

38 

34105.3 

-17870 

725.2 

Earth 

1163 

1114.4 

- 

- 

Mars 

1599 

810.5 

-22524 

575.4 

Jupiter 

772 

1678.8 

-1388.8 

933.2 

Saturn 

2025 

640.0 

-18850 

687.5 
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B Moon 


Apogee 


Node 


Mean 

Number of Julian 

Mean motion 

Number of Julian 

Motion 

years to complete 

per day 

years to complete 

per day 

one revolution 


one revolution 

400".92 


-190“ 77 


or 


or 


Moon 40*677 

8.85 

— 19“.355 

18.60 

per Julian 


per Julian 


year 


year 



Note : Julian century = 36525 days , (-) means that motion is retrograde or clock-wise, or east to 
west 

a Figures obtained from Positional Astronomy Centre 

b Figures taken from lahm's Indian Bphemens and The Moon by Markov (Page 8), University of 
Chicago. 


PANCANGA OR INDIAN ALMANAC 

Pancanga is a very important book published yearly and is the basic book of the 
society giving calendrical information of various nature on daily basis, and is exten- 
sively used by the people ail over India. This publication is also one of the basic books 
of the astrologers for making astrological calculations, casting horoscopes, and for 
making predictions, it is also used considerably by a large section of the people as an 
astrological guide book for finding out auspicious time for undertaking various social 
and other activities and the inauspicious time for avoiding such activities This book 
shows the date and time of various religious festivals, and is used by the priests for 
determining the auspicious moments for carrying out various religious rites, and as 
such it is a fundamental book which is referred to by a very large section of the 
people in this country. 

The very word pancanga, however, means that the book comprises of five limbs or 
parts, which are as follows : 

(a) Vara, that is, week day ; 

(b) Tithi, that is, lunar day. It is indicative of the phase of the Moon. 

(c) Naksatra, that is, position of the Moon in the naksatra division. 
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(§) moon’s orbit around the earth 



earth's orbit 

AROUND THE SUN 
(STRICTLY ORBIT OF CM. OF THE 
" 1-MOON JYSTEMK 

40 ° 41 ’ 


MOONS @ 

ORBITAL PLANE 
BELOW THE EARTH'S 
ORBITAL PLANE WHICH IN THE 
DIAGRAM IS THE PLANE OF 
THIS PAPER 

NOT TO SCALE 


X-X 

Line of Major axis of the earth's elliptical orbit 
Y-Y 

Line of Minor axis of the above orbit 

Apse line (line of major axis) of the Moon's elliptical oibit which rotates in a anh-dodwise 

(west to east) direction through an angle of about 40°41 (mean value) annu y 

Une of nodes of the Moon’s orbit, which is the line of taeanvSue), and 
(mean value) annually 

Une parallel to X-X drawn at the two ends of the mmoramxotthe earth's orbit 

ecliptic, and 


<M 


ecliptic, and 

The rotation of the apse Sne of the elliptical orbit of the moon si an anttcfoekwise or drect 


Fig. 9 1 : Diagram of the Earth-Moon system revolving around the Sun 
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(d) Yoga means literally addition. It is the time penod when the longitudinal 
motions of the Sun and the Moon when added amounts to 13° 12' or its 
integral multiple. 

(c) Karana means half period of a tithi. 

The pahcanga apart from providing information on the five items mentioned in the 
preceding paragraph and giving a calendar of all the forthcoming religious events of 
the year, furnishes additional information on ephemerides of the Sun, the Moon, 
nodes of the Moon, and planets, sun-rise and sun-set timings, and other astronomical 
informations, which are extensively used by the astrologers Further, the pahcanga 
gives the solar day of the month in the region where solar calendar is in use, G regorian 
calendar date, sometimes national calendar date, and date of the lunar month in the 
regions where lunar calendar is followed. Let us look into detail the mam items which 
form the pahcanga. 

Vara or Weekday 

It is interesting to note that this caiendnc item is used by all calendars of the world 
maintaining the same name sequence and serial order of the days in the cycle of 7 
days which compose the week.This obviously proves that this innovation has spread 
out from one source, and luckily has been adopted by all calendars of the world 
without any change. 

The device of continuously counting the days in the short cycle of 7 days without 
directly linking it to any astronomical phenomena like the yearly or monthly cycles of 
the Sun or the Moon, or to lunar phases, was indeed a magmficient step forward in 
simplifying the calendar for easy use by the people bacause it provided a very easy 
method for ear-marking the day of rest, the day for religious services, and fixing 
ahead certain days for activities to be undertaken within a short period without refer- 
ence to any complicated religious calendar or to pnests, which were often inconven- 
ient and time consuming. This practical device caught the imagination of the people 
all over the world and found universal acceptance. 

The cycle of 7-days, known as week, had an astrological origin. The Chaldeans be- 
lieved that the seven luminaries in the sky, namely, the Sun, the Moon, Mercury, 
Manus, Mars, Jupiter, and Saturn, which were observed by them to move continuously 
against the background of stars, were really the gods who together controlled the 
destinies of the tangs and men. Each of these planetary gods had a name, and they 
were placed in a serial order starting from the one which is farthest in the heavens, 
and ending with one which is closest, as shown in Table 9.8 21 
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Table 9.8 • Chaldean origin of week-days after planetary gods 


Serial number 
for the 

planetary gods 

Planets 

Chaldean 

god-names 

Function of 
the gods 

1 

Saturn 

Ninib 

God of Pestilence & Misery 

2 

Jupiter 

Marduk 

King of Gods 

3 

Mats 

Nergal 

God of War 

4 

Sun 

Shamash 

God of Administration & Justice 

5 

Venus 

Ishtan 

Goddess of Love & Fertility 

6 

Mercury 

Nabu 

God ofWriting 

7 

Moon 

Sin 

God of Agriculture 


Further, the period covenng the day and the night was divided into 24 equal parts 
which are hours, and each of the seven gods was supposed to keep a watch on 
mankind over each of 24 hours of the day and night in rotation and the day (which 
includes night) was named after the Planet god which ruled the 1st hour of that day. 
According to this belief, the ruling of the successive days by the planetary gods after 
which the days are named take the following pattern 22 
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11 
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4 5 6 

7 

1 


7 

1-7 

1-6 

7 

Watching 
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: 


(Sun) 







(Moon) 


The above sequence of naming the days of the week was adopted in course of time by 
all nations of the world Including India where the week-days were named as Ravi, 
Soma, Mangala, Budha, Brhaspati, Sukra, and Sam which are the Indian names for the 
planets or planetary gods. The English names Tuesday, Wednesday, Thursday and 
Friday are adopted from the names of the Teutonic deities Tiu, Woden, Thor, and 
Freya which are counterparts of the Roman planetary deities Mars, Mercury, Jupiter, 
and Venus. 23 It is significant to note that the functions attributed by the Chaldeans to 






294 


HISTORY OF ASTRONOMY IN INDIA 


their planetary gods are the same as given by our astrologers, and hence it seems 
that the Chaldean planetary astrology along with the Chaldean method of naming the 
week-days had a widespread influence. 

The continuous counting of the days in a cycle of 7 days was not in use amongst 
ancient Hindus, classical Greeks and Romans, and early Christians The names of 
seven days of the week are not found in the Vedas. There is no reference to the use of 
week-days in the Mahabharata. In one verse of the Vedanga Jyotisa (Atharva), the 
names of the Sun, the Moon and the five planets have been mentioned in the same 
order as the days of the present-day week and these have been called as “Lords of 
the Days" In Yajnavalkya Smrti there is also mention of the Sun, the Moon and the 
planets as per names of the days of the week, but it is followed by the names of Rahu 
and Ketu, and these are not mentioned as lords of the days. Any way, there is no 
explicit mention of the use of seven-day weekly cycle in our ancient religious books 
and epics. The use of week days filtered in our country from outside and gradually 
established a place in our calendar. 

The inscriptional evidence of the use of week-day in India is first found in the inscrip- 
tion of Emperor Budhagupta which is dated as Thursday, the 12th lunar day of the 
bright half of Asadha in Gupta year 165 which corresponds to A D 484 s4 In the 
Christian world, the week-day system was introduced by the Roman Emperor 
Constantine at about A.D. 323, and he made Sunday to be the weekly prayer day 
(Lord’s day) for the Chnstians, this day being different from Saturday which had been 
the Sabbath day for the Jews. There is no mention of week days in the New Testa- 
ment 

In determining the days of the old traditional Hindu religious festivals, the week days 
do not come into play like fixing of the dates of the Christian religious festivals, as in 
Easter. This is perhaps because when these days came to be fixed, week days in the 
present form did not either then come into use or had so much of prominence or 
influence, it is later that week days permeated into our society in a great way and 
exerted influence in the performance of many religious and social activities. Now 
specific days of the week are earmarked for worshipping various gods and for observ- 
ing fasts for them. Also in many astrological matters weekdays play a prominent role. 
The time span of the day and night periods of each of the day of the week have been 
divided separately into eight parts and each of these parts is considered to have an 
astrological significance of having either good or bad influence for undertaking activi- 
ties-both religious and social. Again in astrological calculations for determining aus- 
picious and inauspicious moments for undertaking journeys or also other activities, 
the week days play quite often a vital role in combination with tithis or naksatras, and 
as such the man-made week days, which have no link with any astronomical 
phenomena, have gradually established themselves in our religious and social life. 
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Tithi 

Tithi is a very important item of the pahcanga It is on the basis of the tithi that most 
of our religious festivals and functions are fixed. In the lum-solar calendar tithi plays 
the prime role because on its basis again the days of its months are counted 

Tithi has been in use in the Vedic times but at that time it was reckoned in a manner 
different from the Surya-siddhanta method that is followed now, it being then con- 
cerned only with the Moon. In the Aitareya Brahmana (32. 1 0), tithi has been defined 
as that time-period about which the Moon sets or rises. It has been interpreted by 
PC. Sen Gupta to mean that during sukla paksa when only moon-set can be ob- 
served in the night, it was the time period from moon-set to moon-set. In krsna paksa 
when only moon-rise can be observed in the night, it was the time period from moon- 
rise to moon-rise The lengths of the tithis were thus unequal. 

During Vedanga Jyotisa times tithi was also mainly connected with the Moon. It was 
defined, as mentioned earlier, as 1 /30th of the period of the lunar synodic month, and 
there being 1860 tithis during 5-year yuga period of 1830 days, the length of a tithi 
works out as 1 830/1 860 day = 0 98387 day 

Tithi that is followed now is the one which is laid down in the Surya-siddhanta 25 and 
it is different from the two patterns mentioned above. In the present system the 
positions of both the Moon and the Sun come into play for determining the tithi for 
any day. The Surya-siddhanta astronomers introduced a new astro-mathematical 
conception of the tithi by giving it the definition on the basis of the difference of 
longitudinal angle between the positions of the Moon and the Sun There are a 
total of 30 tithis, 15 during Sukla paksa and 15 during krsna paksa, and hence 
the tithi has been defined as the time period during which the angular distance of the 
Moon from the Sun in longitude increases by 1 2° or its integral multiples.The tithis or 
tithi-days in the case of amanta lunar calendar begins from new-moon, and thus the 
first tithi sukla pratipada commences when the longitude of the Moon and the Sun 
are the same, and it ends when the difference increases to 12°. At that moment also 
the Sukla dvitiyd tithi starts and it ends at the time when the Moon gains 24° over the 
Sun, and so on. Thus purnima will cover the penod of time when the angular differ- 
ence in longitude of the Moon from the Sun increases from 168° to 180°, that is, its 
ending moment will be when the Moon and the Sun are in opposition, and that mo- 
ment is known as full moon. Similarly amavasyd will cover the period when this differ- 
ence will increase from 348° to 360° which is 0°.This means that the ending moment 
of amavasya will take place when the Moon and the Sun are in conjunction, and that 
moment is known as new moon. In the case of purnimanta calendar, the counting of 
tithis start from the full moon so the first tithi, whichjs krsna pratipada, commences 
when the longitude of the Moon in relation to the Sun is 180°, and the next tithi or 
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tithi-day which is krsna dvitiya, begins when this difference increase to 1 92°, and so 
on. 


The Sukla tithis are the periods when the Moon waxes and krsna tithis are the 
periods when the Moon wanes, and both the set of tithis have the same name desig- 
nations exept that these are prefixed respectively by the words sukla and krsna The 
name of the fifteen tithis along with their ordinal numbers by which they are some- 
times expressed are shown below, it will be noticed that amavasya is given the number 
30 and not 15 as per normal senal order and it is done in the case of purmma . 


1 . Pratipada 

2. Dvitiya 

3. Trtiya 

4. CaturthT 

5. Pancamf 


6. Sasthi 

7. Saptami 

8. Astami 

9. Navami 

10. Dasami 


1 1 . EkadasT 

12. DvadasT 

13 Trayodasi 

14 Caturdasi 
15. Purmma 
30. Amavasya 


The sukla and kr§na tithis are differentiated by putting prefix S and K respectively 
which mean that 15 sukla tithis are numbered from SI to SI 5 and 15 krsna tithis 
from K1 to K14 for the first 14 tithis and K30 for the last tithi, which is amavasya 


The mean synodic period of the Moon (in mean solar days) is 29 530 588 days = 29 
days 12.73 hours = 29 days 12 hours 44 mins, and there being 30 tithis, the average 
duration of a tithi works out as 0.984 353 days = 23.62 hours = 23 hours 37.5 mins 
In S urya-siddhSnta the motions of the Sun and the Moon taken for making calcula- 
tions are true motions, and not mean motions as followed in Vedanga Jyotisa calen- 
dar. Due to various perturbing forces the true motions of the Moon and also of the 
Sun particularly the former, are not uniform. As a matter of fact the true motion of the 
Moon may vary from 1 5° 23' to 1 1 ° 46' from day to day For this reason the duration of 
tithis varies widely. The average duration of the tithi is 23 hours 37.5 minutes, but the 
actual duration of a particular tithi may be as large as 26 hours 47 minutes or it may 
be as small as 19 hours 59 minutes Similarly the average length of the lunar month 
is 29 days 12.73 hours, but its actual length varies from 29 days 5.9 hours to 29 days 
19.6 hours. 


All the above figures are based on the correct true motions of the Sun and the Moon, 
and are unlikely to agree with the figures given by the pancahgas following the old 
conventional values which are based on the longitudes of the Sun and Moon calcu- 
lated as per formulae given in Surya-siddhanta which for the Moon take care of the 
corrections for the equation of the centre only, and do not take into account other 
corrections required to get its longitude for the true observed position, and as a result 
the tithi timings shown by the pancahgas following old conventional school differ 



INDIAN CALENDAR FROM POST-VEDIC PERIOD TO AD 1900 


297 


greatly \xoxx\pahcdngas which follow modern ephemeris of the Sun and the Moon. As 
an example, the timings of the beginning and ending moments of krsnaAscidha astaml 
(amanta calendar) of 1904 §aka, covering 13th and 14th July 1982, as given in old 
traditional pahcangas calculated as per Surya-siddhanta constants and as given in 
modern pancanga calculated on the basis of values given in modern astronomical 
ephemeris, have been shown below for the sake of comparison * 


Gregonan 

Asadha krsna 

Traditional 

Modem 

calendar date 

astaml tithi 

Pancanga based 

Pancanga based 


(amanta calendar) 

On Surya - 

on modem 



siddhanta 26 

ephemeris 27 

13 July '82 

Begins - 

17hrs 13 mins 

21 hrs41 mins 

14 July '82 

Ends - 

16hrs04mins 

20 hrs 43 mins 


In this connection it may be pointed out that a number ot Pahcangas which base their 
calculations on the Surya-siddhanta system and constants follow a convention called 
banavrddhi rasaksaya which means that the actual tithi timings calculated on the 
basis of true motions of the Sun and the Moon should not exceed the tithi timings 
calculated on the basis of mean motions of the Sun and the Moon by a period more 
than 5 dandas or ghatis, that is by 2 hours, and should also not be less than that 
timing by a period more than 6 daridas ox ghatis, that is by 2 hours 24 minutes. This 
is an arbitrary convention and is not mentioned anywhere in the text of Surya- 
siddhanta, and also not logical 

The length of the lunar month is only 29 53 days but is counted as 30 days on the 
basis of 30 tithis and as such certain adjustment in the counting of days of lunar 
month on the basis of tithis becomes inevitable to have the month beginning from the 
new moon day or from full moon as the case may be. 

The day of the Indian calendar begins with the sunrise and covers the period till the 
next sunrise Therefore in counting the days of the lunar month, the tithi that is 
prevalent at sunnse is considered to be the tithi of the day, and the ordinal number of 
this tithi is taken as the day-number of the lunar month But the time in the day 
(including night) when a tithi ends and the next one begins does not remain fixed. 
This is because the average length of a tithi is less than 24 hours and also because 
the true motions of the Sun and the Moon being not uniform, there is an appreciable 
difference between the starting time of the fif/us.This results in a tithi sometimes 
beginning and also ending between two consecutive sunrises, that is, there is no 
sunrise during the period of duration of a tithi, and such a tithi is known as a ksaya 
tithi. In that case the ordinal number of that tithi day is omitted from the serial 
number of the days of the lunar month, thus causing a break in the senality of the 
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days of that month. In Bengal the k?aya tithi day is known as tryahasparsa, literally 
meaning the touching of three (lunar) days, and actually three tithis (one full and 
portions of two) happen to cover one civil day from sunrise to sunnse, and it is deemed 
to be inauspicious As opposed to the above, a tithi may extend on both sides of the 
civil day, that is, there are two sunnses during a tithi, and such a tithi is known as an 
adhika or ahoratra tithi, and is counted twice in the serial number of days of the 
month. The days of the lunar month are counted, as already mentioned, in accord- 
ance with the ordinal number of the tithi occurring at sunrise, and hence when a 
ksaya tithi occurs, the ordinal number of the day of the tithi, which is a ksaya tithi, is 
dropped in numbering the days of the month, and when an adhika tithi occurs, the 
ordinal numbers of that tithi is repeated. For example, if in the first half of the lunar 
month trtiya tithi is a ksaya tithi, the sequence of the days of the month will be 1 , 2, 
4, 5, etc. Again if caturthi tithi is an adhika tithi, the sequence of the days will take 
the form 1, 2, 3, 4, 4 (adhika), 5, etc. 

Tithi is calculated on the geocentric longitudes of the Sun and the Moon, and hence, 
it being a geocentnc phenomena, a tithi begins and ends at the same time at all 
places of the world. It may be interesting to note that if topocentric longitude is taken 
for calculation, the longitude for the Moon will differ from one place to another, and as 
such the timings of the beginning and ending moments of tithis will vary. 

Naksatra 

Naksatra is another important item of the pancahga. The mean value of the sidereal 
penod of the revolution of the Moon in mean solar days is 27.321 66 days = 27 days 
7 hours 43.19 minutes. The apparent yearly path of the Sun seen from the Earth on 
the background of stars is known as the ecliptic The Moon and almost all the planets 
excepting Pluto are found within a belt of width 8° on either side of the ecliptic and 
this belt is known as 'zodiac', orRasicakra.To indicate day to day position of the Moon 
in relation to the stars, this zodiac has been divided into 27 equal parts from a fixed 
initial point in the ecliptic, and each part is known as naksatra, meaning really naksatra 
division, and covers 13° 20' or 800 minutes of arc of the ecliptic. Each naksatra 
division is named after a selected star which is generally prominent or traditionally 
well known and is broadly equally spaced in the zodiac. These identifying stars are 
known as yogataras, and are mostly located in the lune covering that naksatra divi- 
sion. There are, however, a few yogataras like Ardra, SvatT, Jyestha , POrvasadha, 
Uttarasadha, Sravana, and Dhamstha which are located outside the lune covering the 
above named naksatra divisions.The word naksatra in pancahga means the position 
of the Moon in the particular naksatra division signified by its name 

The beginning of naksatra divisions has changed from time to time. In the early Vedic 
penod (c.2300 B.C.), Krittika (q Tauri) was reckoned to be the first star for counting 
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th© naksatras it is taken that at that time the vernal equinox day happened when the 
Sun arrived at the longitudinal position of the star on the ecliptic, and this point was 
reckoned as the initial point. During Vedanga Jyotisa period (c 1300 B.C.) the year 
commenced from Uttarayana day, that is, the day following winter solstice day, which 
then happened with the Sun arriving at the longitudinal position of the star Dhamstha, 
identified as p Delphini It has been assumed that counting of the naksatra divisions 
also commenced from this point though nothing specifically is mentioned about it in 
the text. Again it is found that at the time of compilation of Mahabharata (c. 400 B.C.), 
naksatras started from Sravana (Altair - a Aquilae) with the winter solstitial point then 
having receded to the longitudinal position of this star. When Surya-siddhanta sys- 
tem started being introduced replacing Vedanga Jyotisa system, the siddhantic as- 
tronomers changed the reckoning of the initial point from winter solstitial point to 
vernal equinoctial point, and counted from here the naksatra divisions starting from 
AsvinI whose identifying star is p Arietis Though the location of initial point is not 
specifically mentioned in the text of Surya-siddhanta, it is deemed that the point 
chosen was that opposite the star Citra (Spica - a Virgims), a very bright star close to 
the ecliptic - Citra being shown in the middle of the Surya-siddhantic mrayana zo- 
diac. This initial point almost coincided with the equinoctial point of the vernal equinox 
day of 285 A.D. which happened on 20 March at 22 h 53 m 1ST, and the longitude of 
Citra star at that time from this vernal equinoctial point was 1 79°59'52“ 2, which is 
almost 180° . For all astronomical and calendrica! purposes the vernal equinoctial 
point of vernal equinox day of 285 A D is taken to be the initial point of the mrayana 
zodiac from which naksatra and rasi divisions are counted. However, there is a small 
section which is of the view that Surya-siddhanta' s initial point is the one in the 
ecliptic that coincides with the longitudinal position of star RevatT (£ Piscium), which is 
a star of sixth magnitude and can be hardly observed by naked eye. However, now 
most of the pahcanga makers and astronomers follow the Citra school. 

The name of 27 naksatra divisions along with the mrayana longitudes of their start- 
ing points, and the longitudes and latitudes of yogataras (identifying stars) after which 
the naksatra divisions are named, are shown in Table 9 9 28 as in the year A.D. 1985 

The stars have no fixed positions, that is, their co-ordinates are not fixed. They are 
moving in various directions with great speed, but from the earth their motions are 
observed to be very slow because of their immense distances from the earth. The 
rate of change of star's direction or their apparent place on the cellestial sphere is 
known as 'proper motion' Due to this proper motion, a very slow change in the co- 
ordinates of the stars takes place. This can be seen by noting the position of a star, 
say Citra, at two distant years like A D. 285 and A.D. 1 999, during which its mrayana 
longitude had changed from 179°59'52" to 179°59'04", showing a proper motion in 
longitude of - 0" 028 per year. 
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Table 9 9 : Position of yogataras or Identifying Stars in Naksatra Divisions 


St No Names of 

Of naksatras 

naksa- (naksatra 

tras divisions) 

Nirayana 

longitudes 
of the 
beginning 

Of naksatra 
divisions 

Names of 
yogataras 
(identifying 
stars) of 
naksatra 

divisions 

Nirayana 

longitudes 
of the 
yogataras 

Latitudes 
of the 

yogataras 

Positions of 
yogataras in 
the naksatra 
divisions 

i 

2 

3 

4 

6 

6 

7 

1 

ASvini 

0*0‘ 

pArietis 

10 a 07' 

+ 8® 29* 

10*07' 

2 

Bharani 

1320 

41 Arietis 

2421 

+ 1027 

1101 

3 

KrttikS 

2640 

rjTauri 

3608 

+403 

9 28 

4 

Robin! 

4000 

aTaun 

4556 

-528 

5 56 

5 

Mrgasira 

5320 

X Ononis 

5951 

-1323 

613 

6 

Andra 

6640 

aOrioms 

6454 

-1602 

(-) 1 46* 

7 

Punarvasu 

8000 

pGeminorum 

8922 

+ 641 

922 

8 

Pufya 

9320 

5 Cancri 

10452 

+ 005 

1132 

9 

A€lesa 

10640 

aCancn 

10947 

-505 

3 07 

10 

Magha 

12000 

aLeoms 

12558 

+ 028 

538 

ii 

Pun/a Phatguni 

13320 

5 Leoms 

13727 

+ 1420 

407 

12 

Uttara Phatguni 

14640 

pLeoms 

14746 

+ 1216 

106 

13 

Hasta 

16000 

SCorvi 

16936 

-1212 

936 

14 

Citra 

17320 

aVirgims 

17959 

** -203 

639 

15 

Svat? 

18640 

aBootis 

18023 

+ 3046 

(-) 617’ 

16 

Vifikha 

20000 

a Librae 

201 14 

+ 020 

1 13 

17 

Anuradha 

21340 

SScorpioms 

21843 

-1 59 

523 

18 

Jyestha 

22640 

aScorpioms 

22554 

-434 

(— ) 0 46* 

19 

Mula 

24000 

SScorpioms 

24044 

-1347 

044 

20 

P. Asadha 

25320 

SSagittarii 

25043 

-628 

(-) 2 37* 

21 

U Asadha 

26640 

aSagittani 

25832 

-327 

(— ) 8 08* 

22 

Sravana 

28000 

aAquilae 

27755 

+ 2918 

(— ) 2 05* 

23 

Dhanistha 

29320 

PDelphim 

29229 

+ 31 55 

(— ) 0 51 * 

24 

Satabhisa 

30640 

XAquarii 

31743 

-023 

1103 

25 

P. Bhadrapada 

32000 

aPegasi 

32938 

+ 1924 

938 

26 

U. Bhadrapada 

33320 

XPegasi 

34518 

+ 1236 

1158 

27 

Revati 

34640 

§ Piscium 

35601 

-013 

921 


Note : (a)** The nimyana longitude of star Citra (a Virgims) which was 179° 59' 52" in 285 
A.D., has now decreased to 1 79° 59' 03“ due to proper motion the star in the nega- 
tive (fraction. 

(b) * The Stars ArdrS, Svati, Jyestha, PurvasIdhS, Uttarasadha, Sravana and Dhamstha are 

located outside the lunes of the naksatra divisions of the same name, and all of 
them are positioned m the preceding naksatra divisions by the angles shown 

(c) At one time in the list of naksatras, Abhijit-identifying star Vega-a Lyrae, was in- 
cluded, increasing the number to 28, but later it was omitted 
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Yoga 

Yoga literally means addition. This item of pahcanga means the period during which 
the sum (yoga ) of the mrayana longitudes of the Sun and the Moon amounts to 
13° 20’ or integral multiples The firstyoga Viskumbha ends when the sum amounts to 
1 3° 20' and the second yoga Pnti commences. The second yoga similarly ends when 
this sum amounts to 26° 40', and the third one Ayusman commences, and so on Thus 
the lastyoga Vaidhrti ends when the sum becomes 360°, and the firstyoga Viskumbha 
starts again. The name of the 27 yogas in the senal order of their occurrence are 
noted below. 

The yoga at any moment can be found by dividing the sum of the longitudes of the sun 
and moon at the moment by 13° 20' The quotient will give the serial number of the 
yoga expired and the remainder will give the ellapsed part of the current yoga in units 
of arc In pahcangas, this remainder is expressed in unit of time 


1 Viskumbha 

10 Ganda 

19 Parigha 

2 PrTti 

11 Vrddhi 

20 Siva 

3 Ayusman 

12. Dhruva 

81. Stddha 

4. Saubhagya 

13 Vyaghata 

22 Sadhya 

5 Sobhana 

14. Harsana 

23 Subha 

6 Atiganda 

15 Vajra 

24 Sukla 

7 Su karma 

16 Siddhi 

25 Brahma 

8 Dhrti 

17 VyatTpata 

26. Indra 

9 §u!a 

18 Varlyan 

27 Vaidhrti 


Yoga is entirely an arbitrary device. It does neither convey any physical conception 
nor it is found to have any assignable relation with any astronomical phenomenon or 
with any asterism. It was probably introduced later for astrological purposes, and 
even if it is so, it does not seem to be very much used. The Pancasiddhantika indi- 
cates the method for calculating the tithi and the naksatra, but does not mention the 
method for calculating the yoga. Aryabhata has also not mentioned anything about 
yoga. Therefore it seems that yogas did not exist dunng Varahamihira's time. Again 
Brahmagupta has mentioned about naksatra, tithi, karana, but not aboutyoga.There 
is a couplet though aboutyoga in Brahmagupta's Khandakhadyaka, but scholars are 
of the opinion that it is a later interpolation. Al-BlrunT in his comments on this book, 
has not mentioned anything about yoga. It therefore seems that yoga did not form 
part of the pahcanga till about 700 A.D. or so. 29 

Karana 

Karana is half of a tithimana, each tithi having two karanas . A karana is, therefore, 
completed when the Moon gains every 6° on the Sun. But the number of karanas is 
very much restncted, and does not have the same continuous naming pattern as 
followed in the case oitithis, naksatras, oryogas.There are seven normal karanas, 
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namely 1. Bava, 2 Balava, 3 Kaulava, 4 Taitila, 5. Gara, 6 Vanij , and 7. Visti 
There are four other special karanas known as sthira karana, and these are 1 
Sakum, 2. Naga, 3. Catuspada, 4 KimtughnaorKimstughna The four sthira karanas 
occur once in a cyclic order. The above four sthira karanas occupy the periods of the 
hdXt-tithis respectively as follows : (1) the second half -tithi of krsna caturdasi is 
Sakuni, (2) the first ha\i-tithi of amavasya is Naga, (3) the second hs\f-tithi of amavasya 
is Catuspada, and (4) the first half -tithi of iukla pratipada is Kimtughna From the 
second half of sukla pratipada, the seven normal karanas repeat in a cyclic order 
eight times and then are followed by four sthira karanas, and thus all the 60 half- 
tithis of a lunar month are covered The Table 910 shows the manner in which 60 
half-taAw of a lunar month are given the names of different karanas 

Reference regarding the use of Karana is not found in the earlier books like 
Mahabharata (400 B.C.). It was introduced much later probably about A D 400 or 
so. 30 In the present context, it does not seem to have any special significance over the 
tithis which is realy the basic item, and also no reason can be found for having the 
names and cycles in the manner described above. 


Table 910 : Table showing the disposition of Karanas in relation to 
half -tithis of a lunar month 


Tithi 

Name of Karanas 


Name of Karanas 

1st half of rub 

2nd half of tithi 

1st half offr*b 

2nd half of tithi 

si 

Kimtughna* 

Bava 

K1 

Balava 

Kaulava 

S2 

Balava 

Kaulava 

K2 

Taitila 

Gara 

S3 

Taitila 

Gara 

K3 

Vanij 

Visti 

S4 

Vanij 

Visti 

K4 

Bava 

Balava 

S5 

Bava 

Balava 

K5 

Kaulava 

Taitila 

S6 

Kaulava 

Taitila 

K6 

Gara 

Vanij 

S7 

Cara 

Varuj 

K7 

Visti 

Bava 

S8 

Visti 

Bava 

K8 

Balava 

Kaulava 

S9 

Balava 

Kaulava 

K9 

Taitila 

Gara 


Taitila 

Gara 

K10 

Vanij 

V«sti 

S11 

Vanij 

Visti 

K11 

Bava 

Balava 

S12 

Bava 

Balava 

K12 

kaulava 

Taitila 

S13 

Kaulava 

Taitila 

K13 

Gara 

Vanij 

S14 

Gara 

Vanij 

K14 

Visti 

Sakuni* 

S15 

Visti 

Bava 

K30 

Naga* 

Catuspada* 


Note • (a)S,, S a ete denote Sukla pratipada, Sukla dvrnya, etc , and K,, K, etc denote Krsna pratipada, 
Krsna dvrtiya, etc; S» denotes purnima, and Kg, amavasya 

(b) ‘These are fourstfora karanas which occur only once in a lunar month in the manner 
shown m the table 
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Rail 

Apart from the five items which originally pancahga was taken to comprise of, there 
are other important items of information which this annual publication from different 
regions now provide One of this is rasi . It means that when the zodiac belt is divided 
into 1 2 equal parts from an initial point each part is known as rasi covering 30° of arc 
of the ecliptic In the mrayana system, which is followed by all our pancangas, the 
intial point is taken to be a fixed one in the zodiac, and normally this point is taken, as 
already stated, to be the vernal equinoctial point of vernal equinox day of A D 285 
which then almost coincided with the point in the ecliptic opposite the star Citra This 
initial point is located on the east of the present vernal equinoctial point, and the 
angular distance in longitude of these two points is known as ayanamia As men- 
tioned earlier, due to precessional motion of the Earth, the vernal equinoctial point is 
regressing in the westerly direction, and as such ayanamsa is constantly increasing, 
and its value on 1 Jan 1 984 was 23° 37 7 The twelve rails in the serial order counted 
from the initial point are Mesa, Vrsabha, Mithuna, Karka or Karkata, Simha, Kanyl, Tull, 
Vrscika, Dhanus, Makara, Kumbha, and Mina It is to be mentioned that the initial 
point of the naksatra divisions and that of the rasi divisions is the same, and hence 
each rail division starting from the first one, which is Mesa, covers successively 214 
naksatra divisions 

In practice, the word rail conveys two meanings • One means the position of the 
Moon in the above twelve rasi divisions at a specified time, which may at the time of 
birth, at the current moment, or at any other required time For example, when it is 
said that a person's rail is Tula, it means that when the person was born, the Moon 
was in that Rail division Similar meaning is also conveyed by the word naksatra, 
namely, when it is said that a person's naksatra is, say, SvatT, it means that at the time 
of his birth the Moon was in that naksatra division. Hence rail and naksatra as used, 
convey a calendrical meaning in indicating a period of time in which an event hap- 
pened 

The other meaning of rasi is the time period during which the Sun traverses the rail 
division, and is indicative of the mrayana solar month. As a matter of fact in Kerala 
and in some parts of Orissa, mrayana solar months of the pancanga are in use for 
dating purposes, and these months are known by the names of rasi divisions indicat- 
ing that the Sun is positioned in that rail for the period covered by the month. 

It will be interesting to note that the pattern and the names of rails, like the week 
days, are the same throughout the world, that only difference being that in western 
system the initial point for reckoning the rails is vernal equinoctial point which is a 
retrogradingly moving point in the ecliptic while ours is a fixed point. The Babylonians 
and the Greeks had a similar set of names for the rasis, known as zodiacal signs, and 
in the same order, and Varahamihira adopted the corrupt Greek names for naming the 
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rasi divisions as may be observed from Table 9.1 1 31 Rasi in the present form is not 
specifically mentioned in early ritualistic literature like Brahmanas, or in the epic like 
Mahabharata It has, therefore, been inferred that rasi names, as followed now, 
came to India as a result of contact with Macedonian Greeks and the §akas when 
exchange of knowledge of astronomy took place in the inflow of Graeco-Chaldean 
astronomy in the country. 

It should, however, be said that division of the ecliptic into 1 2 parts cannot be purely 
Graeco-Chaldean. Much before the Chaldeans, the Egyptians divided the solar year, 
which they followed, into 12 months. The Vedic Aryans had also12 months Madhu, 
Madhava, etc., covering the year. Later Vedanga Jyotisa calendar had also the 12- 
month system of counting the year. Perhaps specifically naming the divisions of the 
ecliptic after the name of animals and objects were not in use then, and this pattern 
of naming the 12 divisions of the ecliptic came into vogue not only in India, but through- 
out the world, like the week days, with the rise of Graeco-Chaldean astronomy 


Table 911 : Table showing the different names used for the Zodiacal Signs 


Beginning 
and ending 
points of 
the signs 

English 
names of 
the signs 

Meaning 
of the 
English 
names 

Babylon- 

ian 

names 

Greek 

names 

Names 
used by 
Varaha- 
mihira 

Present 

Indian 

names 

Meaning 
of the 
Indian 
names 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

0° - 30° 

Anes 

Ram 

Ku or Iku 

Knos 

Knya 

Mesa 

Ram 

30 — 60 

Taurus 

Buit 

Te-te 

Tanros 

Taburi 

Vrsabha 

Bull 

60-90 

Gemini 

Twins 

Masmasu 

Didumoi 

Jituma 

Mithuna 

Couple 

90-120 

Cancer 

Crab 

Nangaru 

Karxinos 

Kuhra 

Karka or 
Karkata 

Crab 

120 - 150 

Leo 

Lion 

Aru 

Leon 

Leya 

Simha 

Lion 

150 - 180 

Virgo 

Virgin 

Ki 

Parthenos 

Pathona 

Kanya 

Girl 

(Virgin) 

180 - 210 

Libra 

Balance 

Nuru 

Zugos 

juka 

Tula 

Scales 

210 <- 240 

Scorpio 

Scorpion 

Akrabu 

Scorpios 

Kaurapa 

Vrlcika 

Scorpion 

240 - 270 

Sagittarius 

Archer 

Pa 

Tozeutes 

Tausika 

Dhanus 

Bow 

270 - 300 

Capncornus 

Goat 

Sahu 

Ligo- 

xeros 

Akokera 

Makara 

Crocod- 

ile/Whale 

300 - 330 

Aquarius 

Water- 

bearer 

Gu 

Gdroxoos 

Hrdroga 

Kumbha 

Pitcher 

330 - 360 

Pisces 

Fish 

Zib 

Ichthues 

Antyabha 

Mina 

Fish 


Note : The meaning of Greek and Babylonian names for the Signs are the same as those 
shown for the corresponding English (Western) Signs. 
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SOLAR MONTH AND SOLAR YEAR 

The solar months and consequently the solar years are fundamental items on which 
the structure of the pancanga or Indian calendar rests. The solar-year calendar is 
followed for indicating the dates of the year in the states of Tripura, Assam, Bengal, 
Orissa, Tamil Nadu, Kerala, and partly Punjab and Haryana while the lunar calendar 
is followed in other states for the same purpose But in all states for fixing the dates 
of religious festivals and for selecting auspicious time for undertaking many socio- 
religious activities, the lunar calendar is used. The lunar calendar, however, is pegged 
to the solar calendar, or more precisely, the lunar months are linked with the mrayana 
solar months to prevent these getting delinked from the seasons 

The Surya-siddhanta defines the solar month as the time taken by the Sun to traverse 
a rdsi, which is the difference between the time of ingress of the Sun to one rail 
(samkranti) and to the time of ingress to the next one (next samkranti) As Mesa is 
the first rail, the time taken by the Sun to traverse this rail forms the 1st solar month, 
and it is called Mesa in Kerala, and Vailakha in Tripura, Bengal, Orissa, Haryana, and 
Punjab, Bahag in Assam, and Chittirai in Tamil Nadu The second solar month is 
similarly formed by the time taken by the Sun to traverse the second rail, which is 
Vrsava, and so on for other months The names by which the 12 solar months are 
known in different regions where solar calendar is followed is shown in Table 9 12. It 
may be mentioned that solar year and solar month in the Indian calendar mean that 
they are sidereal or mrayana, and these qualifying words are sometimes prefixed to 
year and month to differentiate these from tropical or sayana system. 

Table 9.12 Names of solar months in different regions 


Name of Ralis 

Tripura, 
Bengal, 
Orissa, 
Haryana & 
Punjab 

Assam 

Tamil 

Nadu 

Kerala 

Some 
parte of 
North 
Kerala 


1 

2 

3 

4 

5 

6 

1 

Mesa 

Vaisakha* 

Bahag* 

Chittirai* 

Mesa 

Medam 

2 

Vrsava 

Jyaistha 

Jeth 

Vaikasi 

Vrsava 

Edavam 

3. 

Mithuna 

Asadha 

Ahar 

Am 

Mithuna 

Midhunam 

4 

Karkata 

Sravana 

Saon 

Adi 

Karkata 

Karkitaka 

5 

Simha 

Bhadra 

Bhad 

Avam 

Simha* 

Chingam 

6 

Kanya 

Alvina 

Ahm 

Purattaasi 

Kanya 

Kanni* 

7. 

Tula 

Kartika 

Kati 

Arppisi 

Thu la 

Thu lam 

8 . 

Vrscika 

Agrahayana 

Aghon 

Karthigai 

VrScika 

VrScikam 

9. 

Dhanus 

Pausa 

Puha 

Margali 

Dhanus 

Dhanu 
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Table 9.12 (Continued) 


10 Makara 

Magha 

Magh 

Thai 

Makara 

Makaram 

1 1 Kumbha 

Phalguna 

Phagun 

Masi 

Kumbha 

Kumbham 

12. Mina 

Caitra 

Cait 

Pangum 

Mina 

Mmam 


♦The first month of the year 


It will be observed from Table 9.12 that all states except Kerala follow either the 
names Vaisakha, Jyaistha , Asidha, etc or the local language versions of the same 
names for reckoning the different solar months. In Tamil Nadu, however, though the 
year starts from the 1st point of Mesa rail and also follows the same serial sequence 
for the months like the other states, its months start with Chittirai (meaning Caitra) 
followed by Vaikasi (meaning Vaisakha), etc. as shown in the Table, but their time 
periods correspond to the months of Vaisakha, jyaistha, etc. of the other states, and 
this means that the months of the Tamil Nadu solar calandar are named a month 
ahead compared to the months of the solar calendar of the other states 

The names of the solar months, Vaisakha, Jyaistha, etc. have been derived from the 
names of naksatras where full moon, which may be taken to include the period of 
purnima in this case, is deemed to occur when the Sun is in the rasi division with 
which the solar month is linked But full moon can occur when the Moon is in the rasi 
opposite the one where the Sun is placed, and each rail covers three naksatra divi- 
sions which may be one full and two part divisions or two full and one part division In 
all years full moon does not occur in the naksatras after which the year is named 
because full moon occurs by turn in all 27 naksatra divisions, and also in a few cases 
the naksatras after which the month is named, may not be placed within the rasi 
opposite to that of the Sun. The main cnteria which appear to have been followed for 
choosing the naksatras were : 

(a) the yagataras or identifying stars of the naksatra divisions are the ones which 
are prominent, or in a few cases like Pausa, have some traditional significance 
even though these may not be located exactly opposite to the rail division of the 
Sun, and 

(b) these are placed broadly equally apart. 

In the Indian calendar there is a permanent relationship between the solar months, 
rail divisions, and naksatra divisions, and Fig. 9.2 in the next-page illustrates this 
relation. 

It has been mentioned that the length of mrayana solar month is the time period 
measured from the moment the Sun enters the concerned rail {samkranti of that 
rail) to the moment it enters the next raii which is the true time taken by the Sun to 
traverse the entire rasi. This exact period of time is used for determining the lunar 
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months which are named after solar months in which the initial new moon of the lunar 
month occurs, and consequently also for determining the intercalary or mala months. 
But the samkranti or ingress of the Sun into different rails may take place at anytime 
in day or night, but the civil day begins from sunrise, and therefore, some rules are to 
be followed to determine the day from which the civil month is to start. Unfortunately 
no uniform rule or convention is followed for this purpose and four different 
conventions have got established broadly in four different regions which often cause 
non-uniformity in the starting day of the same month in the same year in different 
regions, and in the length of the same month in succeeding years in the same region 
The conventions followed are described in the next page . 32 



Fig 9.2. Diagram shows the disposition of mix, naksatras, and solar months in the zodiac 
circle, and interrelation among them. 
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(a) The Onssa Rule 

In Orissa the solar months for civil purpose begin on the same day (sunrise to next 
sunrise) as the samkranti, irrespective of whether it takes place before or after 
midnight. 

(b) The Tamil Rule 

The rule followed by Tamil paficahga is that when a samkranti takes place before 
sunset, the month begins on the same day, and if it takes place after sunset the month 
begins on the following day 

(c) The Malayali Rule 

The rule followed by Malayali paficahga of Kerala is that, if the samkranti takes 
place before apardhna, that is, within first 3/5 of the duration of the day, which is 
reckoned as the time-penod from sunrise to the following sunset, and this works out 
asl-12 P.M. taking sunrise at 6 A M., and sunset at 6 P.M , the month begins on the 
same day, otherwise it begins on the next day. 

(d) The Bengal Rule 

This rule is complicated compared to other rules. When a samkranti takes place 
between sunrise and midnight of a civil day, the solar month begins on the following 
day, and when it occurs after midnight the month begins on the next following day, i e 
on the third day This is the general rule, but if the samkranti occurs in the period 
between 24 minutes (on eghatika) before midnight to 24 minutes (one ghatika) after 
midnight, then the duration of the tithi current at sunrise requires to be considered If 
the tithi at sunrise extends upto the moment of samkranti, the month begins on the 
next day; if the tithi ends before samkranti, the month begins on the next following 
day, that is, the third day. But in case of Karkata and Makara samkrantis, the criterion 
of the tithi is not to be considered. If the Karkata samkranti falls in the above period 
of 48 minutes about the midnight, the month begins on the next day, and if Makara 
samkranti falls in that period, the month begins on the third day 

The length of the sidereal year as given in the Modern or Current Surya-siddhanta is 
365.258 756 days as against the modern or correct value of 365.256 363 days. The 
Surya-siddhanta year is in excess over the modern value by 0 002393 days or by 3 m 
27 s . Further, though Surya-siddhanta astronomers knew that the Sun's motion was 
not uniform, and it moves around the Earth in a circle with the Earth not being at its 
centre but at a small distance away from it, that is, the orbit is an eccentric circle or an 
epicycle, they did not know the correct value of the slow rotation of the apse line of 
the orbit. Their estimate of this motion was 11" per century while the modern value is 
1 1".62 per year in the positive direction. As the equinoxes are now regressing at the 
rate of 50\27 per year, the total change of the position of the apse line in relation to 
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the line joining the equinoxes or solistics works out to about 1°.72 per century Also 
the ellipticity of the Earth's orbit is not constant but is slowly decreasing, making it 
more circular Hence the length of the mrayana months is slowly changing, but ac- 
cording to Surya-siddhanta the change will be very little and can be neglected The 
Table 913 shows the difference between the lengths of months calculated as per 
Surya-siddhanta, and modern values for the year 1 901 Saka (A.D. 1979-80) 

Table 9.1 S. 33 Showing the lengths of mrayana * solar months according to 
Surya-siddhanta and as per modern value 


Name of months along with rasis 

According to 

Surya-siddhanta 

As per modern value 
(1901 Saka) 

(1979-80 AD) 



d 

h 

m 

d 

h 

m 

1 

VaiSakha (Mesa) 

30 

22 

40 

30 

20 

56 

2 

jyaisjha (Vrsa) 

31 

10 

14 

31 

6 

39 

3 

Asadha (Mithuna) 

31 

15 

25 

31 

10 

46 

4 

Sravana (Karkata) 

31 

ii 

10 

31 

8 

31 

5 

Bhadra (Simha) 

31 

0 

8 

30 

23 

54 

6 

Alvina (Kanya ) 

30 

10 

16 

30 

11 

55 

7 

Kartika (Tula) 

29 

21 

10 

29 

23 

46 

8 

Agrahayana (Vrscika) 

29 

11 

38 

29 

14 

38 


(or MargasTrsa) 







9 

Pausa (Dhanus) 

29 

7 

42 

29 

10 

42 

10. 

Magha (Makara) 

29 

10 

59 

29 

12 

59 

11. 

Phalguna (Kumbha ) 

29 

20 

2 

29 

20 

53 

12. 

Caitra (Mina) 

30 

8 

50 

30 

8 

30 


Total 

365 

6 

13 

365 

6 

9 


* The initial point of the mrayana zodiac has been taken to be the vernal equinoctial point of vernal 
equinox day of A.D. 285 (Crtra school) - the ayanamsa of this point on the 1 st day of solar vaiSkha 
of 1 901 Saka 1 4th Apnl 1 979 A D being then 23° 34'. 

LUNAR MONTH AND LUNAR YEAR 

Lunar month and lunar year are very important items of pancanga or the Indian 
calendric system The lunar calendar in this system is not purely lunar in character 
like the Muslim Hejira calendar but it Is tied with the solar calendar, and hence it is 
known as 'lum-solar 1 calendar 

The lunar month is measured either by the period covered from one new moon to the 
next, or from one full moon to the next one. The former month is called as amanta 
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and also mukhya mana, and the latter as Purnimanta and also gauna mana As 
mentioned, the lunar months are named after the solar months where the initial new 
moon of the amanta lunar months occurs, and for this purpose the solar month is 
reckoned to be the penod of time between the exact moment of one samkranti to the 
next. For example, if a new moon (ending moment of amavasya. which is the same as 
the beginning moment of Sukla pratipada) falls in the solar month of Magha, the 
amanta lunar month commencing from this new moon is also known as Magha Simi- 
larly the amanta lunar month commencing from the new moon falling in the solar 
Phalguna, will be known as Phliguna In the case of purnimanta lunar calendar, the 
month of this calendar commences from the ending moment of purmma taking place 
a fortnight earlier than the initial new moon from which the amanta month of the 
same name commences and ends in the middle of that amanta month It may be 
interesting to note while nearly the whole of the amanta lunar month may sometimes 
fall outside the solar month with which it is linked and after which it is named, the 
Purnimanta month will always cover at least half of the above solar month The 
krsna paksa half of the lunar month is also called vadi, and the sukla paksa half as 
sudi The Fig. 9.3 below shows the relation between the amanta and Purnimanta 
months of the lunar calendar. 

AMANTA CALENDAR 

CAITRA A VAlSAKHA a 

^ kf?na^ Sukla ^ kr?pa ^ 

p Vadi Sudi p Vadi 

VAlSAKHA JYAISTHA 

pOrnimanta calendar 

A = Ending moment of amavasya or new moon 
P = Ending moment ofpSmwia or full moon 
Fig. 9.3 : Relationship between Amanta and Purnimanta months 

The amanta calendar is followed for all purposes, namely calendric (counting the 
days of the months), fixing the days of the festivals, and for other religious and social 
purposes, in the states of Maharashtra, Karnataka and Andhra and the year of this 
calendar commences from Caitra Sukla pratipada. In Gujarat also the amanta calen- 
dar Is followed but the year starts after the Diwali new moon, that is, from Kartika 
sukla pratipada and is called as Kartikadi calendar. In Kutch and some parts of 
Saurashtia, foe amanta lunar months commence from Asidha Sukla pratipada and 
is caHed, as Asidhadi calendar. The amanta lunar calendar is also followed for fixing 
the days of festivals and other religious purposes in the states of Tripura, Assam, 
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Bengal, Tamil Nadu and Kerala where for dating purpose the solar calendar is used 
The punpimanta calendar on the other hand is used for all purposes in Bihar, Uttar 
Pradesh, Madhya Pradesh, Rajasthan, Haryana and Kashmir. In Onssa and the Pun- 
jab where the solar calendar is in vogue, the lunar calendar followed is pumimanta. 
It may be mentioned that the dates fixed for festivals are generally the same as per 
both the calendars. 

A peculiar and somewhat perplexing feature of the pumimanta calendar is that the 
first month of the year, which is Caitra, and the new year, do not start at the same 
time The month of Caitra of this calendar starts, as usual, from the full moon occur- 
ring a fortnight earlier than the new moon from which amanta Caitra and a manta 
new years starts, but the year of pumimanta calendar starts at the same time as that 
of the amanta calendar. This means that the year of the pumimanta calendar starts 
in the middle of its first month, Caitra, resulting in the counting of first half of Caitra, 
which is vetch or kpsna Caitra as a part of the previous year, and the latter half of 
Caitra, which is sudi or sukla Caitra as a part of the next year, which is the new year 


MALA MONTH AND KSAYA MONTH IN THE LUNAR 

CALENDAR 


The mean value of the synodic lunar month in mean solar days is equal to 29.530 59 
days (29 days 1 2 hours 44.5 minutes) and hence the length of the lunar year compris- 
ing of twelve lunar months totals 354 367 08 days (354 days 8 hours 48.6 minutes). 
The mean length of the sidereal (mrayana) solar year in mean solar days is equal to 
365.256363 days (365 d 6 h 9 m .8) Hence the lunar year falls short of the solar year by 
10 889 days. This difference will increase to one lunar month in 2.712 lunar years or 
in about 2 years and 8 5 months. This means that one additional lunar month called 
'intercalary' month, or mala or adhika month is to be provided after every 2 7 lunar 
years to maintain the link of the lunar months with the corresponding solar months 
and hence with the seasons 


The requirement of intercalary lunar month can also be calculated as follows . 


7 intercalary months in 1 9 lunar years 


19 solar sidereal years 


= (19 x 12 + 7) lunar months 
= 235x29.530 59 days 
= 6939.6886 days 
= 19 x 365.25636 days 
= 6939.8708 days 


These two lengths are nearly the same, the difference being only 0.182 days This 
cycle is known as Metonic cycle, named after the Greek astronomer Meton. The 
Hebrew luni-solar calendar, which is used in Israel, follows the above cycle, and the 
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intercalary month is added in 3rd, 6th, 8th, 11th, 14th, 17th and 19th year after the 
5th month ’Shebat' and is known as Adar I (Adar alef), while the normal month Adar 
is then called Adar II (Adar bet), and comes after the intercalary month. 

The Indian lum-solar calendar, however, does not follow the above system of adding 
intercalary month on a fixed time schedule The Indian astronomers devised an in- 
genious procedure based on the true motions of the Sun and the Moon, and Sewell 
and Dikshit in their book on "Indian Calendar" opine that this method was introduced 
at the time of the celebrated astronomer SrTpati (A D. 1 039). It has been mentioned 
that the lunar months of the lum-solar calendar take their names after the solar months 
in which the Sukla pratipada (initial new Moon) from which the lunar month com- 
mences, occurs As the length of the lunar month is generally shorter than the solar 
months, it happens at some intervals of time that two new moons occur in one solar 
month, and in that case two lunar months start from the same solar month, and so 
have the same name designation. The first lunar month is treated as an intercalary 
month, and is known as mala or adhika month and the second one as true month, 
known as Suddha month In a mala month no religious festivals and avoidable reli- 
gious and social functions are permitted. It will be observed that the mala month 
starts and ends in the same solar month while the normal lunar month starts in one 
solar month and ends in the next. This is sometimes expressed by saying that the 
mala lunar month has no samkramana while the normal lunar month has one 
samkramana, that is, it crosses from one rail to the next. Under the above method 
the adhika or mala months recur at time intervals of 2 years 1 1 months, 2 years 1 0 
months, and 2 years 4 months in a manner that average time interval works out to 
about 2.7 years, which is the calculated time interval for occurrence of such months 

It has been mentioned that purnimanta month starts one paksa earlier than the 
amanta month of the same name but generally the mala month is taken to occur in 
the same time-penod of the year in both types of lunar calendar To clarify this, let us 
take the year 1 902 §aka (A.D. 1 980-81) when a mala lunar Jyaistha occurred and so 
there were two lunar Jyaisthas. In amanta calendar the first lunar Jyaistha was mala 
and this comprised of sukla paksa half followed by kr?napak?a half The next Jyaistha 
which comprised again of the usual krsna and sukla paksa was Suddha In the 
purnimanta calendar, as per rule, the month of Jyaistha started a paksa earlier as 
kr§rja Jyaiftha and this first half of the month was Suddha. The second half of the same 
first Jyaistha which was Sukla Jyaistha and the first half of the second Jyaistha which was 
krsna Jyaistha coincided with the time period of mala or adhika penod of Jyaistha of 
the amanta calendar, and were treated as mala or adhika Jyaistha in the purnimanta 
calendar. The second half of the second Jyaistha of the purnimanta calendar, which 
was Sukla Jyaistha was treated as Suddha like the first half of the first Jyaistha which 
was krsna Jyaistha. The above disposition of the mala or adhika months in two sys- 
tems of lunar calendar is explained by Fig. 9.4. 
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Note . N,, N 2 , N 3 , N 4 etc , and F t , F 2 , F 3 , F 4 etc , indicate the time of occurrences of new moon and 
full moon respectively in the sidereal solar months VaiSkha jyaistha, Asadha, etc The curves 
joining N, and N 2 , N 2 and N a , N 3 and N 4 etc and also curves joining F, and F 2 , F 2 and F 3 , 
F 3 and F 4 etc indicate respectively amanta and purmmanta lunar months As two new moons 
N 2 and N 3 occur in the same solar months Jyaistha, the amanta lunar month N 2 - N 3 is an 
intercalary or mala month and is shown by hatched lines, and the corresponding mala 
month of the purmmanta calendar is shown beneath also marked by hatched lines 

It also sometimes happens, though at fairly long intervals of time, which may be as 
close as 19 years or as long as 141 years, and also on occasions at intervals of 46, 
65, 76 and 122 years that no new moon (ending moment of amavasya) occurs in a 
solar month. In that case under the normal method of naming the lunar months, there 
will be no lunar month after the name of that solar month, that is, there will be a 
missing or decayed lunar month known as ksaya month. It can also be ©(pressed by 
saying that, when a lunar month has two samkramanas, a ksaya month occurs. Ksaya 
month is sometimes also called as Ahamspati 

When, however, a ksaya month occurs in a lunar year, it is always accompanied by 
two adhika months, one occurring immediately or a few months before the ksaya 
month and the other immediately or a few months after it. The situation that happens 
on the occurrence of a ksaya month is that there are two adhika (extra) months and 
one missing month making a total of 13 lunar months in 12 solar months which is 
similar to the condition when a normal adhika or mala month occurs in a lunar year. 
But the difference is that in a Afayo-month year, a lunar month named in the serial 
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sequence of solar months is missing which causes a break in the seriality of the 
months. This cannot be allowed to happen as, apart from calendrical difficulties, 
religious festivals, ceremonies, ntes, etc pertaining to that missing month can not be 
left out This problem of making compensation and adjustment for the missing month 
is dealt with in three different ways by three different schools which are prominent 
broadly in three different regions, and this is described below 

Eastern region and a part of Northern region 

Here the first adhika month occurring before the ksaya month is treated as a mala or 
an intercalary month, and the second adhika month occurring after the ksaya month 
is treated as a normal or suddha month, and religious festivals are allowed to be 
performed in this month. Further this month is counted in a normal manner in con- 
tinuation of the previous months so that there is no break in the seriality of the months 
of the year This process provides all the normal number of twelve lunar months of the 
year, and the break caused by ksaya month is thus repaired. 

Northern-Western region and a part of Northern region 

The procedure followed here is opposite to that mentioned above. Here the first adhika 
month, sometimes also called samsarpa, is treated as normal month for undertaking 
religious festivals, and the second adhika month occurring after the ksaya month is 
treated as mala month. Here also like the previous procedure twelve lunar months 
are provided in the normal serial order, and the missing month is compensated by 
counting the first adhika month as a normal month. The difference of this procedure 
from the previous one will have the effect that the dates for performing the religious 
festivals and other religious activities which fall within the period between two adhika 
months, will be one month earlier in this case compared to the previous one 

Southerm and Western regions 

Under the procedure followed in the above regions, both the adhika months are 
treated as mala months, and to make up for missing month due to occurrence of 
ksaya month, the lunar month which overlaps the solar month, that is, the lunar 
month which has two samkramanas, is treated as a dual ( jugma ) month comprising 
of two lunar months which are linked with the rails from which two samkramanas, 
that is, two crossings are made by the overlapping lunar month This can be best 
explained by the actual ksaya month that occurred in 1904 Saka (A.D. 1982-83), 
which has been illustrated in Fig. 9.5. Here the lunar month which commenced from 
Dhanus rail (Pausa ) ended in Kumbha rail (Phalguna) after overlapping Makara rasi 
(Magha).This lunar month is treated as a dual month comprising of Pausa and Magha, 
and the first half of the tithi of this dual month is considered to be the tithi of Pausa, 
and the second half to be that of Magha. In this system dates of the festivals which 
occur in the period between the first adhika month and the first of jugma month 
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(included) will be the same as those for the eastern region, and the dates of festivals 
which come about in the period between second jugma month (included) and the 
second adhika month will be the same as those of the north-western region 

The occurrence of ksaya month in the lunar calendar has been illustrated in Fig 9.5 
by taking the example of the one that last occured in 1 904 Saka (2039 Vikrama , 5083 
Kali , or A.D. 1982-83) It shows the solar months from Asvma to Vailakha, (Vaislkha 
being in 1 905 §aka), and the lunar months linked with these months which include two 
adhika months and a ksaya month that occurred during this penod Table 9 14, on the 
next page illustrates the effect on the name designations of the lunar months on 
following three different procedures of the three different schools, and shows the 
difference that anses by following three different procedures 



Fig. 9 5 Occurrence of two adhika months of Alvina and Phalguna and the ksaya month of 
Magha in the lunar year of 1 904 Saka (ADI 982-83). 

Note 

(a) N6, N7, N8 etc are the positions of new moons (ending moment of amavasya) in the 
sidereal solar months of Alvina, Kamka etc. 

(b) Lunar months N6-N7 and N11-N12 fall completely within the solar months of Alvina 
(Kanya rail) and Phalguna (Kumbha rail), and are, therefore, respectively adhika 
Asvma and adhika Phalguna Again the lunar month N10-N11 completely overlaps or 
crosses over the solar month Magha (Makara rail), and therefore causes a ksaya or 
missing lunar month of Magha 


LACNA OR ASCENDANT 

Lagna or ascendant is a very important item of information given in pahcanga which 
is, however, outside its five limbs. Literally it means the point of the ecliptic which 
touches or is cut by the eastern side of the horizon, or the point of the ecliptic which 
is just rising above the horizon.This information is vital for astrologers because lagna 
at the time of happening of a particular event is taken to be the initial point for making 
astrological calculations. Generally lagna is indicated with reference to its position in 
the rah division ; for example, when it is said that lagna of a particular event was 
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5° 20' of Karkata rail, it means that the point of ecliptic which is 95°20‘ from the initial 
point was intersecting the eastern horizon It may be mentioned that the rails or any 
point in the ecliptic are fixed points in the sky in relation to the stars and as such 
calculation of lagna timings is based on local sidereal time. Also as the ecliptic is 
inclined to the equator, the rising time of different rail divisions above the horizon, 
which is known as lagnamana will be different at the same place, and again the time 
of rising of the beginning point of each rail division will be different for places with 
different latitudes 


Table 9.14 : Effect on the name designation of lunar months on following three 
different procedures of the three schools for treating the two adhika 
months and the ksaya month that occurred in 1 904 Saka (ADI 982-83) 


SI 

Amanta 

Gregonan 

Solar 

Name of amanta lunar months as per 

No 

lunar 

calendar 

months 


different schools 


months 

dates from 

where 





as per 

new moon 

amanta 

South and 

East India 

North-West 


notation 

to 

lunar 

West India 

&Some 

India & 


of 

new moon 

months 

*** 

Eastern Part 

Some Wes- 


diagram 


start 


of 

tern part of 






North India 

North India 





1 

II 

III 

1 

2 

3 

4 

5 

6 

7 




1982 



1. 

N6 

17 Sep 

Asvina 

Alvina 

Asvina 

Asvina * 


to 

to 


(adhika) 

(adhika) 

(samsarpa) 


N7 

17 Oct 




1 e suddha 

2 

N7 

17 Oct 

ASvina 

Asvina 

ASvina** 

Kartika 


to 

to 


(§uddha) 

(iuddha) 



N8 

15 Nov 





3 

N8 

15 Nov 

Kartika 

Kartika 

Kartika 

Margallrsa 


to 

to 





N9 

15 Dec 








1983 



4. 

N9 

15 Dec 

Margallrsa 

Margalirsa 

MargaSlrsa 

Pausa 


to 

to 






N10 

14Jan 





5. 

N10 

14 Jan 

Pausa 

Pausa & 

Pausa 

Magha 


to 

to 

« 

Magha 

(ksaya) 

(k$aya) 


Nil 

13 Feb 


(k§aya) 

6. 

Nil 

13 Feb 

Phalguna 

Phalguna 

Magha 

Phalguna 


to 

to 


(adhika) 


(adhika) 


N12 

14 Mar 
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Table 9.14 (continued) 


7 

N12 

to 

N13 

14 Mar 
to 

13 Apr 

Phalguna 

Phalguna 

(suddha) 

Phalguna 

Phalguna 

(suddha) 

8. 

N13to 

N1 

13Aprto 

13 May 

Caitra 

Caitra 

Caitra 

Caitra 


1 st adhika month treated as a normal month for religious festivals 
2nd adhika month treated as a normal month for religious festivals 


** * Kerala generally follows the North-Western Indian School 

• This lunar month-penod which covers completely one solar month and thus have two 
Samkramans is treated as a dual or jugma month, that is, it comprises two lunar months, 
Pausa and Magha 


AHARGANA 

The events are recorded as per the calendar in use at the region at that time. But this 
calendric mode of recording might not have remained the same over the long past 
period, and also when the calendar used is lum solar, the difficulty faced is that the 
length of its years do not remain the same on account of addition of intercalary 
months which again occur at irregular intervals. For all these reasons, it is very diffi- 
cult and sometimes imposible to ascertain precisely the time when an event has 
happened in the distant past and the exact time gap between the occurrence of two 
events which is essential for astronomical and calendrical analysis. This problem is 
tackled by the method of counting continuously the number of mean solar days that 
have elapsed from an arbitrary fixed distant epoch counted as zero day, and each 
successive day from this epoch is assigned a number in this continuous counting 
which can be either from midnight or midday This system is named as ‘ahargana 1 , 
literally meaning 'count of days' 

Aryabhata I was the first astronomer in the world to conceive the brilliant idea of 
counting in a continuous manner the days without the involvement of months and 
years which varies from one calendar to another, and designating each day by a 
number Aryabhata however, calculated aharganas by taking the beginning of Mahayuga 
as the epoch, that is, as the zero day But this practice involved very large numbers 
and was found to be cumbersome, and hence later astronomers counted ahargana 
from the beginning of Kali era, which was a much nearer epoch that commenced from 
the midnight of 17-18 February, 3102 B.C Ahargana day number was assigned on 
the basis of the number of mean solar days that have elapsed at midnight time at 
Ujjayin, from the Kali era epoch. 
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But as Ujjayin time has become defunct long time back as standard time for India, 
and 1ST has taken its place, this time is now generally used for indicating Kali ahargana 

In the modern astronomy, like ahargana, Julian day number is used which was intro- 
duced by a French scholar, Joseph Scaliger, in A D 1 582 with the starting epoch time 
fixed at Greenwich mean noon of 1st January, 4713 B C It will be interesting to 
compare the Kali ahargana day numbers with those of Julian day numbers for certain 
dates, and this has been done below . 


Date 

Julian days 
(elapsed at Greenwich 
mean noon of the day) 

Kali ahargana 

(elapsed at mean mid-night 
of 1ST on the ending of the day) 

17 Feb 3102 BC 

588 465 

— 

1 Jan 1900 

2 415 021 

1 826 556 

15 Aug 1947 

2 432 413 

1 843 948 

1 Jan 1984 

2 445 701 34 

1 857 236 


If aharganas for an earlier epoch and for a later epoch are known, then this difference 
of ahargana can be made use of for finding the position of the planets from their 
given position at that earlier epoch and their daily mean motion by the simple method . 

The mean position for the required epoch 
= the mean position of the earlier epoch 

+ daily mean motion x difference of aharganas between the two epochs 

FESTIVAL DATES IN THE INDIAN CALENDAR 

Most of the days of our festivals repeat themselves in accordance with the tithis of 
our lum-solar calendar. There are few festivals like VaisakhT, Makara Samkranti, etc. 
whose dates are fixed in accordance with the solar sidereal calendar, while a still 
fewer ones like Onam are calculated on the basis of naksatra day. 

The pumimanta lunar calendar, as mentioned earlier, starts from the full-moon, 
occurring one paksa (fortnight) earlier than that of the amanta lunar calendar which 
makes the krsna paksa dates of the purnimanta calendar differ from those of the 
amanta. But the festival dates in both the calendars remain the same; because for 
this purpose the dates fixed as per the amanta calendar are taken to be the basis 
Now the month of amanta lunar calendar can start from any day in the month of the 
mrayana solar calendar after which it is named, and as such a tithi of a lunar month 
may occur either in the same solar month or in the next, and as such it will oscillate up 
and down in relation to the days of the solar calendar, and consequently the dates of 
vanous festivals will also oscillate in the same manner within the two months of the 
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mrayana solar calendar in which the tithi of the lunar month can occur The range of 
oscillation will be clear from the undermentioned Table 9.15 which gives the dates of 
festivals of Holi, Vijaya Dalaml and Diwali that occured in the years 1972 to 1980 38 as 
per Gregorian calendar 

Table 9 1 5 • Oscillation of the dates of various festivals in relation to the solar 
calendar (dates shown are of Gregorian solar calendar) 


SI 

No 

Chnstian 

era 

Hoil 

(Phalgunl 

purnima) 

Vijaya 

Dasaml or 
Dusserah 
(Asvinl gukla 
Da^am?) 

Diwali 

(Afvirn 
amavasya ) 

Occurrence 
of lunar 
mala or 
intercalary 
month 

1 

1972 

29 Feb 

18 Oct 

5 Nov 

Vailakha 

(14Aprto 13 May) 

2 

1973 

16 Mar 

7 Oct 

25 Oct 


3 

1974 

8 Mar 

25 Oct 

13 Nov 

Bhadra 

(18 Aug to 15 Sep) 

4 

1975 

27 Mar 

14 Oct 

3 Nov 


5 

1976 

16 Mar 

2 Oct 

22 Oct 


6 

1977 

6 Mar 

21 Oct 

10 Nov 

Sravana 

(16 JultO 14Aug) 

7 

1978 

25 Mar 

11 Oct 

31 Oct 


8 

1979 

14 Mar 

1 Oct 

20 Oct 


9 1980 

Maximum difference 

2 Mar 

19 Oct 

7 Nov 

Jyaistha 

(14 May to 12 June) 

in the number of days 

27 days 

25 days 

24 days 



CONFUSION IN THE DATES OF THE REGIONAL CALENDARS 

In India both solar and lunar calendars are followed, and in these two types again 
there are differences which divide them further into different kinds. But the names of 
months of the variant solar and lunar calendars are the same, and this results in the 
position that a day having same ordinal number of the same month-name indicates 
different days of the year. This has been illustrated in the Table 9.16 by taking the 
example of 1 1th Havana , 1 905 Saka (2040 Vikramd or 5084 Kali), and it shows how 
the same day designation of the different regional calendars has different corresponding 
dates of the Gregorian Calendar, and this causes considerable confusion. 
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Table 9 16 . Table showing various calendar dates of 1 1 Sravana, 1905 Saka 
according to a number of regional calendars 


SI. 

Regional Calendars 

Corresponding 

No 


Calendar Date 


Day 1 1 Sravana 1 905 Saka or 2040 Vikram 

1983 

1 . 

Solar calendar of Orissa & Punjab 

26 July 

2 

Solar calendar of Bengal, Assam andTripura 
(a) Modern School . 

27 July 


(b) Surya-siddhanta School . . 

28 July 

3 

Solar Calendar ofTamil Nadu & Kerala 

27 July 

4 

Sayana solar national calendar introduced by the 
Government of India 

2 August 

5 

Luni-solarpfimzmanfa calendar followed in Bihar, U P, 
Madhya Pradesh, Rajasthan and Northwest India 
(1 1th day from the starting of Sravana) 

(Vadi Sravana in this case) 

5 August 

6 

Luni-solar amanta calendar followed in Gujarat 

Maharashtra, Andhra and Mysore 
(11th day from the starting of Sravana) 

($ukta Sravana in this case) 

1 9 August 


INITIAL OR ZERO POINT OF THE INDIAN ZODIAC 

From the earliest times, the Indian astronomers have been following mrayana sys- 
tem for indicating the position of the heavenly bodies, and for counting the years In 
the early Vedic penod, as mentioned earlier, Krittika (ri Tauri) was taken to be the 
initial star or point of the naksatra zodiac through which the vernal equinoctial colure 
used to pass when the initial observations were made. Next reference of the initial 
point is found in Vedanga Jyotisa where it has been stated that the year starts from 
Dhamstha naksatra (P Delphim) where the Sun and the Moon were in conjunction at 
winter solstice day, and so the initial point started from that naksatra. Again from a 
reference in Asvamedha Parva of the Mahabharata (44, 2) it has been mentioned 
that naksatras commence from Havana (a Aquilae), and the seasons from hsira, 
which means that winter solstitial colure used to pass through that naksatra and the 
year commenced from it 36 

The founder-astronomers of the Surya-siddhanta system found that the initial point 
of the year and so also that of the zodiac circle, which was fixed earlier with reference 
to Sravana naksatra through which then passed the winter solstitial colure, has lost its 
meaning because the year was no longer beginning from winter solstice due to 
retrogression of that point. They decided to shift the year-beginning from the winter 
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solstitial point to or near the vernal equinoctial point which was generally followed in 
the Vedic times when the year started from Krttika naksatra 

There is, however no indication in the modern Surya-siddhanta of a definite location 
of the initial point in the ecliptic, it can only be inferred from the analysis of the 
co-ordinates given for the yogatams or mdentifymg stars in Chapter VIII of the book 
Burgess in his translation of Surya-siddhanta, and more recently M N. Saha and 
N.C Lahiri of the Calendar Reform Committee analyzed these co-ordinates, and 
found that there was not one initial point with which the co-ordinates could be linked, 
but broadly there were three with which some link-up was possible It was inferred by 
Saha that apart from observation made in the initial stage, two more observations 
were made by later Surya-siddhanta astronomers with reference to the then vernal 
equinoctial points, and these observations got interpolated and found place in the 
text The observations made seemed not to be very accurate from the data available, 
and also some of the co-ordinates given could not be properly linked with the stars 
However, from the analysis made, it has been inferred VnaXSurya-siddhdnta astrono- 
mers successively took three initial points as follows , 

(a) the point in the ecliptic opposite the star Citra (a Virgims), that is, the 
point from which the longitude of Citra is 180° O' , 

(b) the point in the ecliptic located about a degree on the east of RevatT 

Piscium), that is, one degree east of the point at which the great circle 
secondary to the ecliptic passing through RevatT cuts the ecliptic ; 

(c) the point in the ecliptic in line with RevatT, that is, the point in the ecliptic 
formed by the cutting of the great circle secondary to the ecliptic that 
passes through RevatT. 

The epochs when the vernal equinox was successively at the above three points were 
about A.D. 300, 500 and 570 and hence it has been presumed, that initial point was 
changed on two successive occasions However, in Varahamihira's Surya-siddhanta 
the position of the star Magha (Regulus-a Leoms) is given at the 6th degree of the 
Maghi naksatra division, and that Of Citra in the middle Of the Citra naksatra 
division, this indicates that in Varahamihira's Surya-siddhanta the initial point was 
taken to be the one in the ecliptic opposite the star Citra (a-Virgims), and hence it is 
very likely that the founder astronomers of Surya-siddhanta also adopted it as the 
initial point 

The changes in the positions of the vernal equinox and winter solstice at different 
ages and consequent change in the year-beginning of the Indian calendar at different 
epochs have been illustrated by Fig. 9.6. 
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I. Positions of vernal equinox (V, toV 7 ) in different epochs 

V, Early Vedic period :c. 2300 BC V 2 Vedanga Jyotisa c 1400BC 

V 3 Mahabharuta compilation . C. 400 BC V 4 Zero point oWirayana Zodiac AD 285 

Siddhanta Jyotisa c. AD 500 V 4B Later SUrya-siddhanta AD 570 

V s 1983 AD V M Beginning of Mina rail AD 2440 

V e Mid-Kumbha rail : AD 3510 V 7 Mid-Makara rail AD 5630 

II Positions of wintersolstice (W, to W 2 ) in different epochs 

W, Beginnings of Vedanga Jyotisa c 1400 BC 
W a Mahabharata compilation C.400BC 

III Year beginnings (Y 1 to Y s ) as reckoned in different epochs 

Y, Early Medic period c 2300BC Y 2 Vedanga Jyotisa c 1400 BC 

Y s Mahabharata compilation C. 400 BC Y 4 Surya-siddhanta AD 285 

Fig. 9.6. Change in the positions of Vernal Equinox and Winter Solstice 
throughout the ages. 

(Year-Beginning of the Indian calendar in different epochs) 
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It is to be observed from the diagram that the Indian astronomers have all along been 
following the mrayana or the sidereal system for all their calculations, but they have 
been adjusting the initial point of the year to keep its months linked with the seasons 
when the equinoxes/solstices retrograded through nearly one naksatra division cov- 
ering 1 3° 20’ in the course of 900 years or so It should be remembered that from the 
earliest times naksatra system of divisions of the zodiac was in use, and it is only 
during the Surya-siddhantic period that rail system of dividing the zodiac was added 
having the same initial point as that of the naksatra system. 

Interestingly no significant change in the starting point of the year has been made 
since the Surya-siddhanta system came into use about 1600 years back from now 
though earlier, as mentioned, almost every 900 years or so the change was effected 
when the equinoxes or solstices retrograded through one naksatra division due to 
precessional motion of the Earth The main reasons for not effecting the change were 
probably as follows - 

(a) The Surya-siddhanta astronomers introduced the use of 1 2 rails, and linked 
each of the 12 solar months with a particular rail division, and began the year 
from the first point of the first rail, which is Mesa, instead of linking the year 
with the naksatra divisions which was done earlier It takes about 2100 years 
for the equinoxes to retrograde through one rail division measuring 30°, and 
hence it may be argued that perhaps for this reason no action has been taken 
so far However, it may be mentioned that to keep the mrayana year adjusted 
to the vernal equinox which is taken to be the mid-point of the Indian spring 
season, it is better to change the year-beginning to the first point of the pre- 
vious rail when the vernal equinox retrogrades to the middle of that rasi 
rather than wait till it regresses to its beginning, because if the adjustment is 
done as suggested, the difference between the 1st day of the year and the 
vernal equinox day will vary from 1 5 days to 0 day in the course of 1 050 years 
when the vernal equinox retrogrades through the first half of the rail from the 
beginning of which the year starts, and then again from 0 day to 1 5 days in the 
course of the next 1 050 years when the equinox regresses further through the 
second half of the previous adjacent rail, and thus the mean variation be- 
comes only 7.5 days, as against the variation of 0 to 30 days, mean being 1 5 
days, when the change in the year-beginning is made when the equinox has 
regressed completely through one rasi division in 2100 years. Viewing on the 
above basis, the change in the starting point of the year, which, in Jan.'99, is 
about 23°.50‘.5 away from vernal equinox, may be deemed to be overdue. 

(b) The Surya-siddhanta (Chapter III, verses 9 to 1 2) has laid down the theory of 
trepidation of the equinoxes, and has mentioned that the amplitude of this 
processional oscillation is 27°, and the period of one full oscillation is 7200 
years, which incidentally, gives the rate of precession as 54" per year 
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According to this theory no adjustment of the year-beginning is necessary It 
is, however, believed that these verses are later interpolation because earlier 
astronomers like Aryabhata, Varahamihira, and Lalla (A D. 748) do not men- 
tion anything about this trepidation. Any way, the theory of trepidation of the 
equinoxes has been mathematically proved to be wrong 

(c) After A.D. 1 200 the Muslim invasion of North India disturbed greatly the peace 
of the country, and consequently the scientific thinking and progress got ar- 
rested. Later the Muslims when they settled down as rulers imposed their 
non-seasonal purely lunar Hejira calendar, and the indigeneous Indian calen- 
dar assumed a subdued role. Again, during British regime which followed, the 
rulers introduced their Gregorian Calendar, and it occupied the frontal posi- 
tion by being used for all official and other related purposes, and the indig- 
enous Indian calendar continued to lurk in the background due to lack of State 
support, and its use was confined to religious and socio-religious purposes 
The dynamism of the astronomers as well as the popular will required for 
carrying out the necessary correction were, under the circumstances, lack- 
ing, and hence no senous thought was given to the requirement to keep the 
months of the year adj'usted to the seasons 


ERA 

The era is an important factor in calendar keeping because by it the chronological 
reference to the past events as well as linking one event with the other can be made 
in easy and systematic manner. Unfortunately in India the proper era system of 
recording date, that is, keeping a record of events in a continuous manner without a 
break was not in vogue in the early ages with the result that it is often difficult to place 
the events of that age chronologically in a correct manner for a proper study of 
ancient history, and other matters connected with chronology. 

The earliest inscnptional evidence of the use of era is during the time of Emperor 
Asoka (273 to 227 B.C ) but the era Used was regnal, that is, the number of years that 
have elapsed from the coronation of the king. The use of continuous eras for date- 
recording started in India from the time of Kusana emperors and £aka kings of Ujjain. 
This system of using an era for date-recording also came very late in ancient nations 
like Egypt, Babylon, Assyna, Greece and Rome. Almost all the eras that have a very 
early beginning like the Kaliyuga era (-3101 A.D.), Christian era, etc were formulated 
at a later date by interpolation of the epochs from which the eras were taken to begin. 
The starting epochs of other recent eras normally are from coronation or some im- 
portant event of a powerful king, or from the birth or death anmvarsary of a great 
religious leader. Below are given the details of some of the important eras. 
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Kali Era 

Of all the eras having ancient epochs, Kaliyuga or Kali era is the most important, and 
continues to be used throughout India though §aka and Vikrama eras are used more 
extensively in their respective regions This era is first mentioned by Aryabhata I, who 
said that when he was 23 years of age, 3600 years of Kaliyuga had elapsed, which 
was at 421 §aka or A.D. 499. It has been inferred that this era was in use before 
otherwise a statement like this could not have been made. But so far no record has 
been found of any earlier use of this era.There is a school who believes that Aryabhata 
or some other ancient astronomer felt the necessity of an era that could normally 
cover the antiquity of our great civilization which could not otherwise be done by eras 
starting from a comparatively recent epochs like those of §aka, Vikrama, Gupta etc , 
and so a new era was devised, but this is only a guess. 

The beginning of Kaliyuga was taken to be the epoch when the Sun, Moon, and the 
planets were together in the beginning of the Mesa rasi which is the starting point of 
the Indian zodiac The beginning of Kaliyuga era was the midnight at Ujjayim at the 
end of 17th February of 31 02 B.C. according to ardharatrika system of Aryabhata, as 
described in Khandakhadyaka of Brahmagupta. Again according to theAryabhatiya, 
the Kaliyuga is said to have begun from the sunrise at Lanka on 18th Feb 3102 B.C 
Lanka here means a point on the equator where the meridian circle passing through 
Ujjayin! cuts it. But by working out the positions of the Sun, the Moon, and the 
planets for assumed time of the beginning of Kaliyuga, it is found that these were not 
together as presumed. The epoch was very likely fixed by making back calculations, 
and some error was made in calculation because perhaps the knowledge of astronomy 
was not so perfect as now to make correct calculations so many thousand years back. 
There is nothing unusal about it. The present Christian era, whch is assumed to have 
begun from the date of birth of Jesus Christ, came into use at A.D 532 on the basis 
of back calculation made by the Roman abbot Dionysius Exiguus, and it has now been 
found that the birth date of Christ then presumed is not correct It is likely that Christ 
was born in 5 B C or a little earlier. 

What is important is that this Kali era is not regional, religious, or sectarian in charac- 
ter, or connected with any king or war. It is completely secular and has an all-India 
significance being used universally though not as widely as the Saka and Vikrama 
eras. The latter eras had more or less regional usage, the Saka era in the south and 
the Vikrama in the north. The Kali era also serves well the original purpose of cover- 
ing the facts of our ancient history in a normal manner without resorting to the system 
of backward dating as done at present by using - A.D. or B.C. against the year of the 
Christian era to specify the events of that period before the commencement of this 
era The Kali era is used for both solar and lunar calendars. 
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Vikrama Era 

This era is widely used in most states of north-west India which follow purmmanta 
lunar calendar, e g Bihar, Uttar Pradesh, Madhya Pradesh, Rajasthan, Haryana, 
Punjab, and north-west India. It is also used in Gujarat which, however, follows amanta 
lunar calendar but there this calendar starts from Diwali new moon. The starting 
epoch of this era is 58 B.C. or- 57 A D. but its origin is not clearly known The popular 
belief that Vikrama era was brought into use by King Vikramaditya of Ujjayini in com- 
memoration of his victory over Saka or Scythian lords is not supported from inscrip- 
tions or histoncal records. This era was associated with Malavas, and it was known as 
Malava era for a very long time from the early 5th century Earlier it was called as krta 
era, but it is not known how this era came to be called by that name Some scholars 
think that there might have been an illustnous Malava king of that name after whom 
the era was named There is also an opinion that the era was founded by the Indo- 
Parthian Chief Azes and later adopted and its use made popular by the Malavas. But 
whatever may be the truth, this era had long and intimate association with Malavas, 
and the name Vikramaditya, it seems, was associated with it at a later date It is not 
really known if a historical person of that title actually flourished at 58 B C or this title 
was adopted later by a Gupta emperor like Chandra Gupta II who adopted an existing 
era and renamed it after his title Chandragupta II did defeat the Sakas and this agrees 
with the popular belief about the foundation of this era, but he ruled about five centu- 
ries afterthe commencement date of this era, and hence the origion of Vikrama era is 
still obscure 38 The use of this era was, however, made popular in north India by 
Pratihara dynasty rulers 

Salta Era 

This era starts from A.D.78 and is very widely used as an era for both solar and lunar 
calendars. It is also known as Sllivahana Saka, Saka Samvat, and San Saka Like the 
Vikrama era, the origion of this era is also not known with certainty. There are three 
different opinions on the origion of this era as described below . 

(a) The most well-known king in ancient India after Asoka is the Kusana emperor, 
Kamska, and it is believed that he started an era from the date of his acces- 
sion which is now known as Saka era. However, the date of accession of 
Kamska is not free from controversy One opinion is that Kamska used the old 
Saka era omitting 200, the presumption being that there was a Saka era which 
had an origin 200 years earlier than the present era, as mentioned in the next 
para. The date of Kamska has been a very vexed question in Indian chronol- 
ogy, and no finality has been reached so far about the date of his accession. 38 

(b) The Sakas who belonged to Central Asia attacked the Parthian empire in 1 29 
B.C.and established themselves by 123 B C. and there is an opinion that they 
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started an era from that date, and the present era is nothing but old §aka era 
with 200 omitted 

(c) §aka astronomers known as SakadvTpT Brahamanas were responsible to a great 
extent for the import of Graceo-Chaldean astronomy and horoscopic astrol- 
ogy in this country and the era used by them became prevalent, and this era 
came to be known as Saka era The custom of using §aka era for casting 
horoscopes continues even today 

Kollam Era 

This era is prevalent in Malayalam countries (Kerala) and its origin again is obscure. 
This era is sometimes called as era of Parasurama, and the belief is that the Kollam 
era has come into being after omitting ‘thousands' from this era. In Kerala, the solar 
year generally starts with the Sun entering Simha rasi, and so the era starts from that 
time The current year of the Kollam year corresponding to A.D 1983 is 1159. 

Buddha Nirvana Era 

This era, as the name implies, was founded after Lord Buddha by the Buddhists of 
Ceylon (Sri Lanka) from the date of his panmrvana, which happened on VaisakhT 
purnima day. The nirvana year was taken by the Sri Lanka Buddhists as A.D -544 
and the era starts from that date. But the modern historians believe that the correct 
date of the death of Lord Buddha is 486 B C. 41 based on Cantonese record as well as 
on the testimony of the Greek writers The Buddha nirvana era year for 1905 Saka 
(ADI 983-84) is given as 2527 42 which commences from VaisakhT purnima. This era 
is not very much in use in India except by the Buddhists. 

Mahavira Nirvana Era 

Like the Buddhists, the Jainas also started an era, known as Mahavira nirvana era 
from the date of nirvana of Mahavira Jaina which was taken as 528 B.C. (A.D.-527) 
Like Lord Buddha, there is a controversy on the correct date of death of Lord Mahavira. 
Many modern historians prefer 468 B.C 43 to be this date relying on record left by 
Jaina monk Hema Candra. This era again is not widely used, it being confined to a 
few Jaina followers Mahavira era for 1906-06 Saka (A.D. 1983-84) is 251 0, 44 and the 
year commences from Kartika sukla pratipada. 

The Gupta Era 

The era was established by the founder of the Gupta dynasty, Chandnagupta in A.D. 
319 to commemorate his coronation, and it was in vogue in the whole of northern 
India from Saurashtra to Bengal during the penod of their supremacy (A.D. 319 to 
550). Later when Harsavardhana (A.D. 606-647) established his rule overnorth-lndia, 
the Harsa era came into use replacing Gupta era, and it existed till the first quarter of 
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the 9th century Then when the Pratihara dynasty led by Nagabhatta occupied Kanauj, 
they brought with them the Vikrama era which had been in use in Rajasthan from 
where they came, and this era became the era of north India. The popularity of this 
era was helped by its use by all Rajput dyn'asties who ruled north and north-west 
India, and it has stayed on as the leading era of north and north-west India 45 

Tankh llahi Calendar and llahi era of Emperor Akbar 

Emperor Akbar found that the purely lunar Hejira calendar that was being used in all 
state matters, was not a very convenient one specially for land revenue purposes 
This was because revenues were collected after the harvest, and so this was linked 
with the seasons, but the months of the lunar Hejira calendar moved through the 
seasons, and hence this calendar was inconvenient both from the point of view of the 
officials as well as the ryots. It is believed that he was advised by Todar Mall in charge 
of revenues, and by the Persian courtiers to adopt a solar calendar for state and other 
non-religious purposes so as to do away with the disadvantages inherent in the use of 
a purely lunar calendar At that time Persia was culturally the most prominent one of 
all the Muslim countnes, and did exercise a lot of influence on the cultural life of the 
Mughals and the learned elite, and there a solar calendar was in use for a long time 
for state purposes. Akbar decided to adopt a somewhat similar solar calendar for 
official use, and the new calendar that was introduced was named as Tankh llahi , 
meaning 'Divine Calendar 1 , and the new era that was introduced was called the llahi 
era. that is, 'Divine Era, which was also known as Akbar San 

It was thought appropriate to introduce the Divine Calendar from the year of Akbar's 
accession to the throne. Akbar was proclaimed as Emperor on 2nd Rabius sam, 963 
Hejira, or 14th February 1556 (Julian Calendar), but Tankh llahi was not made to 
start from that date but from 27th day of Rabius sani, 963 Hejira, or 1 0th March, 1 556 
(Julian calendar) 46 or 21 st March, 1 556, when converted to Gregorian calendar date 
because it was the vernal equinox day, the day from which the year of the new Tankh 
llahi calendar was devised to begin by following the same practice as it was then 
current with Persian solar calendar. The period of 25 days between the date of acces- 
sion of Akbar and the commencement of the new calendar, was treated as 'decorative 
border to the days of the newly started year and as the preface of glory and con- 
quest'. 48 The decision to introduce the llahi solar era was taken on the 29th year 
(Hejira) of His Majesty's regin in 992 Hejira or A.D.1584 48 with the year starting from 
8 Rabiui awwal, 50 which was the vernal equinox day of 992 Hejira, but its commence- 
ment date was back dated to the spring equinox day of his year of accession, 963 
Hejira, which was 10th March, 1556 (Julian), and was thus made the starting day of 
the llahi era. The object of establishing this divine calendar and era, as given in the 
firman that was issued, was that the seasons of affairs and events might be known 
with ease and that no one should have an occasion for altercation, and also to liberate 
the businessmen from the perplexity of difficulties. The use of diverse eras 
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(calendars) and their notorious beginnings were also among the causes forthe intro- 
duction of this new divine calendar and era 

Though Akbar followed the Persian practice of starting the year from vernal equinox 
day, he did not follow the month pattern of the Persian calendar which had 12 months 
of 30 days each with 5 separate intercalary days In normal years, and 6 days in leap 
years Instead Akbar followed the Indian pattern (Surya-siddhanta pattern) of count- 
ing the lengths of the months on the basis of true solar months, that is, having the 
length of the 12 months equal to the time taken by the Sun to traverse the 12 con- 
cerned rails, but the initial point of theraiis starting from Aries (Mesa), was reckoned 
in this case, like sayana system, from the vernal equinox which had been chosen to 
be starting point of the llahi calendar and which was also the intitial point of the 
Persian zodiacal signs. The length of the months being counted on the basis of true 
solar months varied from 29 to 32 days like the Indian solar calendar So Akbar 
evolved the divine calendar by blending the Indian and the Persian systems. 

There is, however, no clear record available as to what length was actually adopted 
for each of the solar months, and what length was taken for the year. The little infor- 
mation that is available from writings and revenue records indicates that the length of 
the months, counted from the first month of the year, which was Farwardin, was of 
the pattern 31, 31, 32, 31, 31, 31, 30, 30, 29, 30 and 30. S1 The name of the months 
were made identical with the well-known names of the Persian calendar but were 
adorned by adding ’llahi’ (divine) after their names, namely (1) Farwardin llahi, (2) 
Ardibihist llahi, etc. llahi calendar did not use the 7-day week cycle, and the days of 
the months were not distinguished by ordinal numbers, but each day had its own 
name whch was the same as the then names of 30 days of the Persian month, namely 
(1) Ormuz, (2) Bahmam, etc. The 31st and 32nd day of the month, which the Persian 
calendar did not have, were given special names, Ruz and Shub (day and night). The 
years were counted in duodenary cycles (12-year cycle), these years being named 
successively after each of the 12 months, namely, the first year was named as the 
year Farwardin llahi, the second year was the year of Ardibihist llahi, and so on. 52 

Tarikh llahi calendar was used during the reign of Akbar and Jahangir, but after the 
death of Jahangir in A.D. 1 627, Shahjahan, who ascended the throne, reverted to the 
old lunar Hejira calendar, and from about A.D 1630 the use of this sensible calendar 
for state and other purposes dwindled down though it continued to some extent for 
purposes of collection of revenues till about the end of reign of Aurangzeb. 

Tarikh llahi calendar and era gave rise to various calendars like Fasli, Amli, Vilyati 
and Bengali San. The first three calendars have a very restricted use now, while the 
fourth one, namely Bengali calendar and San, continues to be widely used and has 
been discussed below. 
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Bengali Calendar and its Era ( Bengali San) 

When Akbar introduced the solar Tarikh l lahi calendar for state purposes, Bengal had 
already a solar calendar. The year of this calendar, however, commenced from the 
solar month of VaiSlkha with the entry of the Sun to the 1st point of mrayana Mesa 
rail as per Surya-siddhanta sidereal system and not from vernal equinox like the 
newly introduced Tarikh llahi calendar, but this calendar was not interfered with 53 
The era, that was, however followed then in Bengal was Lakshmana Sena era which 
was used mainly in Mithila and other neighbouring areas for lum-solar calendar 54 
When llshi solar era was introduced in A D 1584 with effect from A D 1556, Bengal 
also switched over to a new solar era, called as 'Bengali San' This was done by 
adopting the commencement year of Tarikh llahi era to be also the commencement 
year of Bengali San. This means that the starting era year of Bengali San was 963 in 
A.D. 1556 like the Tarikh llahi. Therefore, the Bengali San can be calculated by 
adding 963 with the number of solar years that have elapsed since 1 556. The Bengali 
San commences from mid-Apri! (Mesa Samkranti), and hence the Bengali San cor- 
responding to A.D 1 983 (mid-April to December) will work out as (1 983-1556) 
+ 963 = 1390. Incidentally the above calendric system is also followed in Tripura and 
Assam, but in the latter state the use of §aka era is also prevalent 

There is, however, a school of scholars who are of the view that Bengali San is not 
linked with Akbar*s Tdnkh llahi, but with the accession to throne of the powerful king 
of Bengal, Sasarika, which event, as per this school, took place in A.D. 593, when the 
era of Bengali San was commenced. But it is not clearly known when king SaSanka 
ascended the throne, and whether the era of Bengali San was started with his coro- 
nation, though there is a growing opinion in favour of this view. 

There are several other views also on the origin of this Bengali San. However, the 
foundation of this year is a matter of dispute among scholars and till now it is an open 
question. 

Other Eras 

There are a number of other eras like Fasli, Amli, Vilayati, Saptarsi, ParSl, 
Lakshmanasena, Chaitanya, Mampuri, Sivaji or Rajasaka, Magi, etc. which have a 
restricted use either among some people of certain limited areas or among the reli- 
gious sects which are reflected in the names of the eras. There were other eras like 
Chedi, Valabhi, Sahur-san, Haifa, Nevar (old Nepali era), Calukya, Simha Samvat, etc. 
but these are no longer in use. 

To show the interrelationship of the prominent eras that are widely used in the coun- 
try and so also in Pancanga, table 9.17 has been prepared showing the starting 
epochs of these eras. This table includes the 'new ' Saka era, which was introduced 
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recently by the Government with effect from 22 March 1957 linked with the Saha 
Committee's sayana solar calendar, named as 'national calendar 1 . It will be observed 
that apart from the dating aspect of different calendars, confusion exists in the count- 
ing the years of eras because the same eras like §aka and Vikrama start from differ- 
ent epochs. 


Table 9.17 • Prominent Eras in use and their relationship 


with Gregonan calendar 


SI Name of 

Year 

Relationship with 

Regions where used 

No the Eras 

beginning 
of Eras 

Gregoria Calendar 


Solar Eras 




1 Kali (a) 

Me§a 

ADyear+3101 

All India as an 

Samkranti 

frommid-Apnlto 

additional era along 



December 

with regional eras for 
solar and luni-solar 



ADyear+3100from 

JantoMid-Apnl 

calendars. 

2 5a ka 

Mesa 

AD year-78 from 

Tamil Nadu, Orissa, 

(Traditional 

Samkranti 

mid-ApnltoDec 

as well as West 

calendar) 


AD year-79 from 

Bengal and Assam 


Jantomid-Apnl 

along with regional 




eras 

3 Saka 

Day following 

AD year-78 from 

Not yet popular 

(National 

vernal 

22 Marto Dec 

in any region 

calendar) 

equinox day 

AD year-79 from 

Jan to 21 Mar 


4 Bengali San 

Mesa 

AD year-593 from 

West Bengal, Tnpura, 

Samkranti 

mid-ApnltoDec 

AD year-694 from 
Jantomid-April 

and Assam 



5. Kollam 

Simha 

AD year-824 from 

Kerala 

Samkranti 

mid-AugtoDec 

AD year-825 from 

Jan to mid-Aug 




Luni-SolarEras 




6. Sahvahana 
£aka 

Amanta. 

CaitraS-1 

AD year-78 from 
Mar/April to Dec 

Maharashtra, 

Andhra Pradesh 

AD year-79 from 

Jan to Mar/Apnl 

and Karnataka 



7. Vikrama 

Samvat 

(Caitradi) 

Purmmanta 

CaitraS-1 

AD year +57 from 
Mar/Aprilto Dec 

AD year +56 from 
Jan to Mar/Apnl 

UP, Bihar, MP, 
Rajasthan and 
North-West India 
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Table S 

1 17 (continued) 


Vikrama 

Anianta 

AD year +57 from 

Gujarat and some 

Samvat 

Kartika S-1 

Oct/Nov to Dec 

parts of Rajasthan 

(Kartikadi) 


AD year + 56 from 




Jan to Oct/Nov 


Vikrama 

Amanta 

AD year +57 from 

Kutch and parts of 

Samvat 

Asadha S-1 

June/July to Dec 

Kathiawar 

(Asadhadi) 


AD year + 56 from 




Jan to June/July 



JOVIAN YEAR OR BARHASPATYA VARSA 

There is a system of measuring the year on the basis of the time-period of Jupiter's 
motion through each rasi which is nearly equal to the normal year, and this time- 
period is known as Barhaspatya Varsa or Jovian year Jupiter makes a complete 
sidereal revolution when it traverses 12 rasis, which comprises of 12 Jovian years, 
and a yuga of five such revolutions forms the 60-year cyrcle of Jupiter, and may be 
called the 60-year-cycle Jovian calendar 

According to Surya-siddhanta the sidereal penod of Jupiter is 4332 32065 days (with- 
out bija correction), and therefore by mean motion the length of the Jovian year is 
361.026721 days The length of the sidereal solar year as per Surya-siddhanta is 
365.258756 days, and thus the Jovian year is very nearly equal to the solar year and 
is less only by about 4 232 days If the Jovian year and the solar year start at the 
same time, the Jovian year will constantly fall back and it will make a complete re- 
gression through 12 solar months in a period of 365 258756 + 4.232035 = 86 308064 
Jovian years say 86 308 Jovian years. This means 86.308 Jovian years equal the 
length of 85 308 sidereal solar years which may be simplified by saying 86 Jovian 
years nearly equal 85 sidereal solar years Therefore, if Jovian calendar is to be kept 
tied with the solar calendar, one Jovian year is to be expunged in every 85 solar 
years, and this expunged year is called ksaya year. In actual practice, the interval 
between two ksaya years is sometimes 85 and sometimes 86 years. 

The 12 -Jovian year cycle begins with the Jupiter's entry into Kumbha rail by mean 
motion, and in the 60-year cycle of the Jovian calendar this entry is marked by 1st 
(named as Prabhava), 13th, 25th, 37th, 49th year of that cycle. The type of 60-year 
cycle of Jovian years mentioned in the preceding paragraph is followed in north India. 
The use of Jovian calendar, however, is getting generally less prevalent there. 


In the south which may be taken as the region south of Narmada, the Jovian years are 
counted in a normal manner in a regular succession, and no ksaya year is made to 
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occur Further there are two types of Jovian years, solar and lum-solar, and the year 
of these two types start respectively from the ingress of the Sun into Mesa rasi like the 
normal solar year, and from Caitra sukla-pratipada like the normal lunisolar calen- 
dar So strictly speaking, there is nothing Jovian in the south Indian calendar except 
for the adoption of the Jovian names for the years This method of naming the years 
is sometimes used along with the normal calendric system The south Indian practice 
of not expunging any year started from 827 $aka or A D. 905-06, and the result is that 
the South Indian Jovian Samvatsara year has fallen behind in comparison with the 
north-lndian Jovian year in the list of the cycle of 60-years 

The list of the names of the Jovian years with their serial numbers of the 60-year 
Jovian cycle is given in Table 9 18 The name Samvatsara is usually added after the 
names of these years 

Table 918 Serial list of the names of the Jovian years ( Barhaspatya Varsa ) 


1 Prabhava 

21 Sarvajit 

41 Palavanga 

2 Vibhava 

22 Sarvadhann 

42 Kilaka 

3 Sukla 

23 Virodhin 

43 Saumaya 

4 Pramoda 

24 Vikrta 

44. Sadharana 

5 Prajapati 

25 Khara 

45. Virodhakrt 

6 Angiras 

26 Nandana 

46 Partdhavin 

7 Srimukha 

27 Vijaya 

47 Pramadin 

8 Bhava 

28. Jaya 

48 Ananda 

9 Yuvan 

29 Manmatha 

49 Raksasa 

1 0. Dhatrl 

30 Durmukha 

50 Anaia(Nala) 

1 1 . iSvara 

31 Hemalamba 

51 Pingala 

12 Bahudhanaya 

32 Vilamba 

52 Kalayukta 

1 3. PramSthm 

33 Vikarin 

53 Siddharthtn 

14. Vikrama 

34 Sarvar? 

54 Raudra 

1 5. Vrsa 

35 Plava 

55 Durmati 

1 6. Citrabhanu 

36 Subhakrt 

56 Dhundubhi 

17. Subhanu 

37. Sobhana 

57. Rudhirodgann 

1 8. Tarana 

38. Krodhtn 

58. Raktaksa 

19 Parthiva 

39 Visvavasu 

59. Krodhana 

20. Vyaya 

40. Parabhava 

60 Ksaya (Aksaya) 


References: 

a) Indian Chronography by Robert Sewell, (1912 Edition) 1 43, 1 45 

b) Book of Indian Eras by Alexander Cunningham (Indian Repnrtt - 1971), 25 

c) CRC Report Appendix 5E. 
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REFORM OF THE CALENDAR PREPARED ON SURYA-SIDDHANTIC 

CONSTANTS 

As the time advanced, the knowledge of different branches of sciences also advanced 
In the field of astronomy, its progress was greatly stimulated by the invention of 
refracting telescope by Galileo at about A.D. 1 61 0, reflecting telescope by Newton at 
about A.D. 1670, and achromatic lens for correcting the colour effect by Dollond in 
A.D. 1758, because these considerably enlarged the scope, and brought in accuracy 
in the observational study of the heavenly bodies, specially the Sun, the Moon and the 
planets. All these progress happened mainly in Europe, but with the spread of English 
education in this country, some of our elites became conversant with modern as- 
tronomy, and found out that some of the Surya-siddhanta constants on which our 
calendar and pancanga are based have fallen out of date for the reason that at that 
time accurate observational facilities, like telescope, were not available, and further 
out pancanga pundits have not kept themselves abreast with the advanced knowl- 
edge of astronomy. It was felt that necessary corrections should be carried out to 
some of our Surya-siddhanta constants, and our pancangas and our calendars cor- 
rected. This is an usual thing in all developing sciences, and as a matter of fact this 
system of keeping the basic constants up-to-date by making corrections from time to 
time as knowledge advanced was advocated by our later astronomers, and in fact is 
done now by modem astronomers. 

The calendar reform movement gained strength in the latter half of 1 9th century, 
specially in the then presidencies of Bombay and Bengal. In Maharastra the most 
prominent exponent was Bal Gangadhar Tilak, the well known political figure and 
scholar. In 1851 K. L. Chatre of Poona took the initiative of publishing astronomical 
tables for the Moon and the planets based on the modern European authors like 
Delambre and others. In 1 896 Shankar Balkrishna Dikshit published his book named 
Bharatiya Jyotisa &astra in Marathi pointing out certain inaccuracies of Surya- 
siddhanta constants; Venkatesh Bapuji Ketkar composed in 1898 in Sanskrit tables 
Jyotirganitam, Ketaki, and Vaijayanti based on correct modern values, and these 
are used even now by many almanac makers who are following modern values for 
making their calculations. 

In Bengal, Shn Manmohan Banerjee, a zemindar, was one of the earliest persons to 
criticize the tithi timings given by the traditional pahcdhgas, the Gupta Press and 
Kalachad, and mentioned them as inaccurate. Madhab Chandra Chatt^rjee, a civil 
engineer by profession, started a movement for calendar reforms in Bengal, and 
urged the use of modern tables for the preparation of pahjikds. In 1890, he com- 
menoed publishing in Bengali the Bi&uddha Siddhanta Panjika showing the timings 
of tithis, sarpkrantis, etc on the basis of modern values of the motion of the Sun and 
the Moon, and started using the correct length of the sidereal year. This pancanga 
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continues to be published, and is used by sizeable section of the people in Bengal, 
Tripura, Assam, and Manipur 

However, a very large number of inaccurate pancangas , called pahjika in Bengal, 
Assam, Tripura and Orissa, continue to be published throughout India, and also a 
number of calendars differing from each other continue to be used in the country, 
causing a lot of confusion. The Government of India became increasingly aware of 
this confusion, and in November, 1 952, appointed a Calendar Reform Committee to 
submit proposals for an accurate and uniform calendar for the whole of India. The 
Committee submitted its report at the end of 1 954, and recommended the introduc- 
tion of a sayana or tropical solar calendar, starting from the day following vernal 
equinox day, as an all-India calendar for general civil use; and also of a new lumsolar 
calendar linked with a sayana solar calendar having its initial point 23°15' ahead of 
the vernal equinoctial point, for socio-religious purposes Both these, however, 
were different from the longstanding traditional mrayana or sidereal system of 
calendar keeping Government accepted the introduction of sayana or tropical solar 
calendar for civil use, but did not accept the introduction of the recommended 
sayana lumsolar calendar even though both the calendars were interlinked, and de- 
cided not to disturb the continuation of the mrayana system for formulating such 
calendars 
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ASTRONOMICAL INSTRUMENTS 


R. N RAI 


Astronomy is an observational science The positions and movements of heavenly 
bodies have to be observed and recorded very accurately before a theory to explain 
their motions can be propounded All theories have to be revised if their predictions 
are not in accordance with observational results. Also for many purposes the time 
since sun-rise has to be measured precisely However, visual observations are not 
very accurate and it is necessary to devise instruments to ascertain the positions and 
motions of heavenly bodies and measure the duration of time 

Indian astronomers have devised a number of instruments and the most important of 
these is the armillary sphere. The earliest armiliary spheres were very simple instru- 
ments Ptolemy in his Almagest enumerates at least three The simplest of all was the 
equinoctial armilla, a ring of bronze fixed in the plane of the equator This was used to 
determine the time of the arrival of the equinoxes when the shadow of the upper half 
of the ring exactly covered the lower half. They had also the solstitial armilla which 
was a double ring, erected in the plane of the meridian with a rotating inner circle. 
This was used to measure the solar altitude. Probably Eratosthenes (c. 276-c. 196 
B C.) used it for measuring the obliquity of the ecliptic.The complete armillary sphere 
with nine circles was built by the Alexandrian Greeks in the second century A.D. 

However, the armillary sphere described by Bhaskara II and other Indian astronomers 
is a very elaborate affair It consisted of a bhagola or the sphere of the fixed stars, a 
khagola or the sphere of the sky outside the bhagola. Then outside the khagola, 
there is a third sphere in which the circles forming both the spheres khagola and 
bhagola are mixed together. This is known as the drggola 

To construct the bhagola, a straight and cylindrical rod of any good quality wood is 
chosen as the dhruva yasti or polar axis This is inserted in a small sphere which is 
held in the centre of the rod a little loosely so that the rod may move freely through it. 
The meridian circle is firmly fixed to the axis and the zenith and nadir points are 
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chosen on it so that when the structure is suspended from the zenith point the axis 
will be pointing towards the north pole. Inside the meridian circle and attached to it 
are the circles of horizon, the equinoctial circle and the ecliptic Every point of the 
horizon is at 90° from the zenith point. The equinoctial circle cuts the meridian circle 
in two points, one to the south of the zenith and one to the north of the nadir, the 
distance being equal to the latitude of the place. The ecliptic cuts the equinoctial at 
the first point of Aries, at the ascending node, and at the first point of Libra at the 
descending node. The ecliptic is marked with the twelve signs It is to the north of the 
equinoctial by the obliquity of the ecliptic (24° according to Hindu astronomers) at the 
first point of Cancer and by the same amount to the south of the equinoctial at the 
first point of Capricorn In its annual motion, the Sun moves in the forward direction 
but the equinox point moves backward. 

The planes of the orbits of the planets Moon, Mars etc are inclined to the ecliptic and 
they should be so placed that the planetary orbits cut the ecliptic at the ascending and 
descending nodes and pass through the points three signs away from the ascending 
node, east and west, at a distance from the ecliptic, north and south, equal to the 
rectified latitude of the planet which is obtained by multiplying the greatest mean 
latitude of the planet by the radius and dividing the product by the iighra karna. Like 
the equinox point, the nodal points of the planets also move backwards and should be 
marked on the ecliptic by obtaining the position by calculation. Thus the positions of 
the planetary orbits will be changing with time. 

On either side of the equinoctial, three diurnal circles should be attached to the end 
points of the three signs beginning with Aries to the north and with Libra to the south, 
at distances equal to their respective declinations. They are all parallel to the celestial 
equator. The same circles considered in a contrary direction are the diurnal circles of 
the next three signs. The celestial equator and the six diurnal circles fixed parallel to 
it should be marked with 60 ghatis. The other circles should be marked with 360 
divisions corresponding to 360 degrees. 

One should also construct diurnal circles for the asterisms situated in the southern 
and northern hemispheres, of Abhijit, of the seven sages, of Agastya, of Brahma- 
Hrdaya etc. The bhagola thus constructed should be firmly fixed to the polar axis. 

The khagola is made up of the prime-vertical passing through the east and west 
points of the horizon and the zenith and nadir, the meridian circle passing through the 
north and south points of the horizon and the zenith and nadir, and the two vertical 
korfavrttca passing through the north-east and south-west and north-west and south- 
east points of the horizon. The horizon is placed transversely in the middle of them. 
Another circle known as unmandala is fixed to the horizon at the east and west points 
and passes through the north and south poles at a distance above and below the 
horizon equal to the latitude of the place. All these are marked with 360° 
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The equinoctial, i e celestial equator (called visuvadvrtta or nadi-valaya), marked 
with 60 ghatis, should be placed so as to pass through the east-west points of the 
horizon, and also to pass over the meridian at a point south from the zenith equal to 
the latitude of the place for which the sphere is constructed and north of the nadir at 
the same distance. Another smaller vertical circle is now fixed to the zenith and nadir 
points by nails so that it can revolve freely within them. This is the azimuth vertical 
circle and should be capable of being placed so as to cover the planet, wherever it 
may happen to be 

The khagola is now attached to two hallow cylinders in which the polar axis is in- 
serted Having thus separately fixed these two spheres, one attaches, beyond these, 
by means of two other hollow cylinders, a third sphere in which the circles forming 
both the spheres khagola and bhagola are mixed together For this reason this third 
sphere is called drggola, the double sphere. Thus the bhagola is firmly fixed to the 
polar axis which can be rotated without disturbing the two outer spheres. 

To find the time since sun-rise and the lagna at that time the armillary sphere is set 
so that the east point is exactly towards the east and the horizon as level as water 
The position of the Sun on the ecliptic is now obtained by calculation and th e bhagola 
is rotated to bring this point of the ecliptic on the eastern honzon and a pin is fixed 
here to mark the position of the Sun A pin is also fixed to mark the point of the 
equinoctial in the bhagola intersected by the eastern horozon, viz. east point The 
bhagola is now rotated westward till the Sun throws its shadow on the centre of the 
Earth. The distance between the mark made on the equinoctial and the new eastern 
point of the horizon will represent the time from sun-rise. The point of the ecliptic now 
cut by the horizon will be the lagna or orient ecliptic point. 



Fig 10.1 


340 


HISTORY OF ASTRONOMY IN INDIA 


Some of the circles are partly shown in Fig. 10 1 NPZSZ'N is the meridian circle, 
NU'WSEUN is the horizon. EBZB'W the upper half the prime vertical and EAPA'W 
the upper half the unmandala or the six O' clock circle. P and P' are the north and 
south poles respectively and Z and Z ' the zenith and nadir respectively, QMEQ* WM'Q 
is the equinoctial and qBAUq'U'q is a diurnal circle. The Sun rises at the point U and 
UU' is the udayastasutra. S' is a position of the Sun at a certain time and PS'M and 
PUC are the dhruva-protas through S' and U respectively, meeting the equinoctial in 
the points M and C. 

z 



Fig. 10.2 

Fig. 10.2 shows the projection of the circles in Fig. 10.1 on the mendian circle U is 
the point where the Sun rises and S' is its position at a certain time OG is the 
gnomon and GH its mid-day shadow on the equinoctial day. This and the other per- 
pendiculars will be needed in later discussions. Similarly Fig. 10 3 is the projection of 



Fig. 10.3 
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Fig 10 1 on the equinoctial and Fig 10.4 is its projection on the diurnal circle. These 
will also be needed in later discussion. In Fig 10 4 UU‘ is the udaySsta-sutra. 



Fig. 10.4 

N ADl VALAYA-YANTRA 

The Nadivalaya is shown in figure 1 0 5. It is a large circular wooden disc with axis in 
the centre It is divided into 60 ghatikas and also into 12 signs of the ecliptic which do 
not occupy equal arcs of the circumference but such variable arcs as correspond with 
the periods of their risings in the place of observation.The twelve penods thus marked 
are again subdivided into two horns, three drekkanas, into ninths, twelfths and thirti- 
eths. These are called the sadvargas or six classes. The signs, however, must be 
inscribed in the reverse order of the signs, that is first Aries, then Taurus to the West 
of Aries and so on. 



Fig.10.5 - Nadivalaya The spaces on the circumference fbrthe different signs are in proportion 
to their rising times at Delhi 
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It is now placed in a plane parallel to the equinoctial so that the axis in the centre 
points towards the north pole. Now the longitude of the Sun in signs, degrees etc for 
the sun-nse of the given day is obtained by calculation and that position is marked on 
the circle and the disc is rotated round the axis so that the shadow of the axis falls on 
the mark made for the position of the Sun at sun-rise The disc now is fixed in posi- 
tion. In figure 10.5, the letters E and W have been put only to show that on the disc 
the sign of Taurus is to the west of the sign Aries, though in the sky Taurus is to the 
east of Anes. Now as the Sun rises, the shadow of the axis advances from the marks 
made for the point of the sun-nse to the nadir. The number of ghafis will be seen 
between the point of sun-nse to the position of the shadow which will also indicate the 
lagna or the sign on the eastern horizon since the arcs occupied by the different signs 
on the circumference of the disc are in proportion to their rising times. 

This is the situation when the Sun is in the northern hemisphere. The same disc, 
graduated in a similar fashion on its other side and with the axis protruding on the 
other side, can be used to determine the lagna and the time since sun-rise, when the 
Sun is in the southern hemisphere. In the alternative another disc, similarly gradu- 
ated, with an axis perpendicular to its plane may be placed with its plane parallel to 
the equinoctial and may be used when the Sun is south of the equator 

In fixing the point of the ecliptic at sun-rise on the eastern horizon in the case of the 
armiilary sphere and in adjusting the position of the nadivalaya so that the shadow of 
the axis falls at the position of the Sun at sun-rise, one should take into account the 
precession of the equinoxes which should again be taken into account in determining 
the lagna. 

A similar instrument has been described by Lalla and called by him the bhagana- 
yantra 

Pitha-Yantra and Chatra-Yantra : 

The Chatra-Yantra and the Pitha-Yantra described respectively by Aryabhata and 
by Brahmagupta and others are similar. But, unlike the Nadivalaya, they are placed in 
a horizontal plane. They are made of metal or good wood and circular in shape in 
which east-west and north-south directions have been marked and of which the cir- 
cumference has been divided into 360°. In the centre, a staff is put equal to the radius 
of the circle. The instruments are to be put at eye-height. The distance of the end of 
the shadow of the staff at sun-rise from the west point is the Sun’s agra. This point is 
known as the setting point. Similarly the end of the Sun's agra in the east is the rising 
point. From the setting point to the rising point, on the northern half of the diurnal 
circle he the graduations of the degrees of time in these instruments. The degrees on 
the diurnal circle intervening between the end of the shadow and the setting point in the 
west, divided by six give Vnenadis elapsed dunng the day. But this is not quite accurate 
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KARTTARI-YANTRA 

The Karttan-Yantra described by Brahmagupta consists of two semicircular plates. 
One of these is in the plane of the celestial equator and is its lower half The other 
semicircular plate is in the meridian plane below the polar axis, the diameter of the 
latter being evidently along the polar axis. At the junction of the east-west line and the 
north-south line, (i.e. at the centre of the plates) a needle is fixed pointing towards the 
pole From the shadow of the index on the equatorial plate, time from sun-rise can be 
determined. 

It is evident that the equatorial plate can be rotated in its own plane in order that the 
shadow of the needle may fall at sun-rise on the plate whatever may be the sign in 
which the Sun is lying In this respect it resembles one-half of the Nadivalaya of 
Bhaskara II 

The Karttan-Yantra described by Lalla and Srlpati is not actually this instrument at all 
since it consists of only one semi-circular plate fixed in the plane parallel to the 
celestial equator with the needle fixed at the centre and pointing towards the pole. 


GOLA-YANTRA 

The armillary sphere and the Nadivalaya described so far will measure the time and 
indicate the lagna only after sun-rise on a day when the sky is clear. However, it is 
necessary to measure time during night time also and to determine the lagna at a 
particular instant. For this purpose, Hindu astronomers had devised other instru- 
ments. One of these was the automatic sphere which is described by Aryabhata thus : 

The sphere (Gola-Yantra) which is made of wood, perfectly spherical, uniformly dense all 
round but light (in weight) should be made to rotate keeping with time with the help of 
mercury, oil and water by the application of one's own intellect. 

Its working has been described by the commentator Suryadeva as follows ■- 

Having set up two pillars on the ground, one towards the south and the othertowards the 
north, mount on them the ends of the iron needle (rod) (which forms the axis of rotation of 
the sphere) In the holes of the sphere, at the south and north poles, pour some oil, so that 
the sphere may rotate smoothly. Then, underneath the west point of the sphere dig a pit 
and put into it a cylindncal jar with a hole in the bottom and as deep as the circumference of 
the sphere. Fill it with water Then having fixed a nail at the west point of the sphere, and 
having fastened one end of a string to it, carry the stnng downwards along the equator 
towards the east point, then stretch it upwards and carry it to the west point (again), and 
then fasten to It a dry hollow gourd (appropriately) filled with mercury and place it on the 
surface of water inside the cylindrical jar underneath, which is already filled with water. 
Then open the hole at the bottom of the jar so that with the outflow of water, the water level 
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inside the jar goes down Consequently, the gourd which, due to the weight of the mercury 
within it, does not leave the water but pulls the sphere westwards The outflow of water 
should be manipulated in such a way that in 30 ghatis (=1 2 hours) half the water of the jar 
flows out and the sphere makes one-half of a rotation, and similarly, in the next 30 ghatis 
the entire water of the jar flows out, the gourd reaches the bottom of the jar and the sphere 
performs one complete rotation.This is how one should, by using one's intellect, rotate the 
sphere keeping pace with time (Translation due to Dr. K S Shukla and Dr K V Sarma, 
Aryabhatiya of Aryabhata). 

This device is described by Lalla also The amount of mercury put into the gourd 
should be chosen in such a way that the gourd may float in the water. However, the 
flow of the water cannot be uniform. When the cylindrical jar is full the pressure on its 
bottom will be high and the water will flow out more rapidly than when the jar is nearly 
empty. Thus the rotation of the sphere cannot be uniform 

A variant of this instrument has been described by Aryabhata in his Aryabhata- 
siddhanta which is now lost In this a smooth cavity is constructed inside a pillar with 
a hole at the bottom.The whole length of the pillar is divided by the number of ghatis 
taken by the water to flow out completely This gives the measure of angula which 
corresponds to one ghati. The measure of a ghati is the basis for the determination 
of the height of the pillar and of the length of the cord to be used in connection with 
the time-measuring instruments. An image of a man or other animals are attached to 
the pillar to make the total height equal to sixty ahgulas as determined above. A 
cylindrical rod the circumference of which is equal to one angula is inserted through 
the ears of the animals and it is wrapped sixty times round the rod and its one end is 
attached to the dry gourd containing appropriate amount of mercury. The gourd is 
now placed inside the cavity of the pillar, water from which flows out through suitable 
holes in the animals. As an angula of water now flows out in a hadl, the gourd within 
the pillar goes down by an angula. The cord wrapped around the rod also goes down 
towards the hole underneath due to the pull of the gourd and the rod is rotated 
through one turn. At one extremity of the rod, protruding outside the instrument, 
anotner cord is suspended and the number of coils made by this cord on the rod will 
indicate the nadis elapsed. 

Similar instruments are mentioned by other astronomers also. The nonuniformity in 
the flow of water out of the orifice with change in the amount of water inside the cavity 
occurs In this variation too. It should also be remembered that the duration of time 
from one sun-rise to the next is not the same for all solar days. It varies from day to 
day. The longest solar day occurs about December 22, and the shortest solar day 
about September 17, the difference between the longest and shortest days being 
about 51 seconds. 
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CHATl-YANTRA 

The Clepsydra or the Ghati-Yantra seems to have been in use in India since very 
ancient times It has been described in the Vedanga Jyotisa, Dwyavadana, the 
Puranas, Kautilya' s Arthasatra and by Aryabhata and other astronomers. But the 
measure of the vessel and of the hole in its bottom through which the water flows is 
given differently by different authorities. According to Dwyavadana, the volume of the 
vessel, which is in the form of the lower half of a sphencal water-pot called kalasa, is 
a drona of water; according to Vedanga Jyotisa it is a drona less three kudavas and 
is thus equal to 61/64 drona-, and according to Kautilya and the Puranas it is one 
adhaka, i e 1/4 of drona The size of the hole is not given in the Vedanga Jyotisa 
According to Dwyavadana, the hole was made by a pm, needle, wire or rod four 
angulas or finger-breadths in length, which was drawn from a piece of gold which 
weighed one suvarna But according to Kautilya and the Puranas, it was drawn from 
a piece of gold weighing four masas, i e one-fourth of a suvama Evidently one 
suvarna is equal to one karsa as defined by Bhaskara II in Lilavati. Thus the size of 
the hole given by Kautilya and the Puranas is one-fourth the size of the hole given by 
Dwyavadana as their vessel is one-fourth the size of the latter vessel. But there is a 
slight difference in the size of the vessel prescribed by the Vedanga Jyotisa and that 
given in Dwyavadana. Perhaps Vedanga Jyotisa gave a precise value for the size of 
the vessel while the other three were satisfied with a rough practical measure. 

In the form described by the astronomers of the siddhanta period, the water does not 
flow out of the hemispherical vessel, but the vessel is floated in a large recepticle of 
water and water flows into it through the hole and it sinks in one ghatika However, 
Varlhamihira has described both forms in the Pancasiddhantikd. According to 
Aryabhata, the hemispherical bowl is to be manufactured of copper, 1 0 palas in weight 
and six angulas in height and twelve angulas in diameter at the top At its bottom, the 
hole is to be made by a needle eight angulas in length and one pala in weight. But 
Lalla says that the hole is to be bored by a needle of uniform circular cross-section 
and four angulas in length made of 3Vz masds of gold. This is the specification of 
§ rip at i also. However, Bhaskara II says that it is very difficult to construct a vessel and 
make a hole in it which will sink exactly 60 times during day and night.Therefore one 
should divide 60 by the number of times the vessel sinks into the recepticle to get a 
measure of the clepsydra. 

Any copper vessel with a hole at the bottom and made in such a way that it sinks in 
the recepticle 60 times in a day and night is called Kapdla by Aryabhata and the 
Surya-siddhanta But according to Varlhamihira, Kapala-Yantra is another instrument 
which will be described later. 

When the clepsydra is used by the flow out of water method, the flow of water will 
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decrease as the height of water in the vessel decreases. But since the area of cross- 
section of the vessel also decreases, the two could be adjusted so that equal de- 
crease in height denotes equal time. Alternatively the clepsydra can be calibrated 
with the help of the Gola-Yantra But when the water flows into the bowl, the pressure 
difference between the water in the recepticle and that in the bowl supports the weight 
of the bowl. Thus the pressure difference will be more when the cross section is 
small, i.e. for the initial flow of water, than when the bowl is nearly full So the instru- 
ment will have to be calibrated to give fractions of a ghatika 

In Babylonia, a cylindrical vessel was used as a water-clock From there the instru- 
ment was introduced to Egypt. The oldest specimen of an Egyptian water-clock dates 
from about 1400 B C. 


GNOMON 

The gnomon was perhaps the most versatile instrument with the Indian astronomers. 
It was used by all ancient nations for the measurement of time.Most probably it was 
invented by the Babylonians around 1750 B.C. But no word for gnomon occurs in 
Babylonian gnomon tables which have been preserved. Only the shadow is men- 
tioned and measured. The gnomon was introduced in Egypt in about 1500 B C and 
later from Egypt to Greece. In the Aitareya Brahmana it has been said that the sun 
remains stationary at the summer solstice for 7 days. This must have been observed 
with the gnomon. 

In ancient times the gnomon was probably no more than a stick stuck vertically in the 
ground, thus forming a rudimentary sun-dial, and was the first astronomical 
instrument. In early Greece and late dynastic Egypt, the gnomon rose like a slender 
obelisk from the centre of a graduated circular pavement. When the shadow of the 
pillar was at its shortest length on any day, the gnomon indicated midday. To obtain 
some idea of the time of the morning or afternoon, the observer noted the length and 
direction of the shadow. 

An alternative shadow clock took the form of a portable L-shaped piece of wood 
which in use was laid on its back in the direction of the Sun. The shorter leg then 
served as a vertical gnomon and cast its shadow on graduations marked on the 
longer honzontal leg In another type of sun-dial, called the hemicycle and said to 
have been introduced at Athens by Berosus, the shadow of a vertical gnomon fell on 
the inner surface of a hemisphere. The end of the shadow traced a curve, the position 
of which depended on the time of the year. 

The gnomon was used for the measurement of time, the determination of the sol- 
stices, the equinoxes and of geographical latitudes. Knowing the height of the gno- 



ASTRONOMICAL INSTRUMENTS 


347 


mon and the length of the shadow, one can calculate the Sun's mendian zenith dis- 
tance which at the time of the equinoxes is equal to the latitude of the place of obser- 
vation. Using this method, Eratosthenes had availed the approximate latitudes of 
Alexandria, Syene, Carthage, Rhodes and Byzantium. 

The gnomon was generally of a standard length But for greater accuracy one could 
use a very tall gnomon By means of a gnomon some 180 feet high, Ulugh Beg and 
his assistants determined the latitude of Samarqand and the obliquity of the ecliptic 
with great precision. In India the standard length for the gnomon was 12 angulas 
But some authors say that it can be as high as 96 angulas or any multiple of 1 2 
Bhaskara I in some questions takes the height of the gnomon to be 30 angulas and 
15 angulas. Whatever be the height of the gnomon, it is generally divided Into 12 
divisions, each division being called an angula or finger. According to al-Blrunl, it may 
be divided into 60 divisions called 'parts' or into seven divisions called 'feet 1 . 

Aryabhata describes three kinds of gnomon. The first is uniformly circular and two 
angulas in diameter at the bottom This kind has been mentioned also by Lalla and 
SrTpati The second kind is one having equal circles at the top and bottom This has 
been described by Bhaskara II who says that it should be made of ivory instead of 
strong timber. The third kind was, accordng to the translation of Prof K S Shukla, 
'pointed at the top, and massive at the bottom (i.e. conical in shape), (associated with 
it is) another true gnomon of the same height, mounted vertically on two (horizontal) 
nails fixed (to the previous gnomon) at the top and bottom thereof". It is not very clear 
what Aryabhata means by this kind of gnomon. Perhaps in this the associated gno- 
mon was of the kind envisaged by al-BTrunT which casts the shadow on a vertical 
surface, e g. when the gnomon is fixed perpendicular to a wall The shadow cast on 
the ground by the gnomon fixed vertically is called umbra rects while the shadow 
directed towards the ground is called umbra versa. 

The first use of the gnomon in India appears to be to fix the cardinal points. For this 
purpose the gnomon is placed on a plastered surface, made level with a water-level, 
and a circle of any desired size is drawn on the surface with its centre at the gnomon. 
The two points where the shadow touches the circle in the forenoon and afternoon 
are marked and with these points as centres, a fish figure is drawn. Then the line 
passing through the mouth and the tail of the fish will be the north-south line 

This method of finding the north-south line would have been correct if the declination 
of the Sun remains unaltered between the forenoon and the afternoon positions. On 
account of the motion of the Sun on the ecliptic, the declination changes and the line 
joining the forenoon and afternoon points is not in the east-west direction. 

In Fig 10.6, G is the foot of the gnonmon. ENWS is the circle drawn with G as the 
cetre, A is the point where the shadow touches the circle in the forenoon and B is the 
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point where the shadow touches the circle in the afternoon The distances of A and B 
from the east-west line are not equal and the line AB is not in the east-west direction 
Now Burgess, in his notes on verse 7 of chapter III of Surya-siddhanta has proved 
that 


Kama vrttagra agrajya 

hypotenuse of the shadow ~ tnjya 

where Kama vrttagra is the distance of the end point of the shadow from the equi 
noctiai shadow line. Now from Fig. 10.2 


agrajya = OU = 


OA 

COS<t> 


RsinS 

cos<> 


_. - .. Rsin8 Hsin8 . . , . 

Kama- vrttagra = H = , where H = hypotenuse. 

Rcos<|> COS<|) 

If the Sun is in the southern hemisphere and south of the prime vertical, bhuja = 
Karna-vrttagra + equinoctial shadow (Fig. 10.6) and if the Sun is in the northern 
hemisphere and north of the prime vertical, then bhuja = Karna-vrttagra - equi- 
noctial shadow. 


S 



Fig. 10.6 


Assuming that 8 is positive when it is north, bhuja is positive when the Sun is north of 
the prime vertical and the equinoctial shadow is always positive, the second equation 
holds. Taking sign into consideration, the others have also the same form. 

A bhuja = A Kama- vrttagra, for Figs 10.2 and 10.6 


= AH 


sin& 
cos 4 


since the equinoctial shadow remains constant. 


Hence in Fig. 10.6 


BC - AH = - 


H 

cos 4 


(sin 8 a - sin 8,), 
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since the bhuja in Fig. 1 0.6 has a negative sign Since 5 2 and 6, can be calculated, we 
can obtain the correct value of the bhuja DF by applying this correction. The fish 
figures drawn from D and A as centres will give the correct north-south and east-west 
directions. By a repetition of the same process, the intermediate points of direction 
can be obtained. 

G 



Varahamihira, Brahmagupta, Bhaskara I, Vatesvara and SrTpati have all described an- 
other method for drawing the north-south meridian line by taking three points A, B 
and C in the path of the shadow of the gnomon G as illustrated in Rg. 10.7 Here two 
fish figures are drawn by taking the points (A, B) and (B, C). The two straight lines 
drawn through the mouth and tail of the fish figures meet at the point O.Then GO is 
the meridian line Here two assumptions are made. One is that the declination of the 
Sun does not change during the day The second is that the path of the end point of 
the shadow is a circle. None of these is correct, the path being a hyperbola. Bhaskara- 
II therefore, criticizes this method of determining the east-west and north-south lines. 

We can obtain the time elapses since sun-rise or the time to elapse before sun-set 
with the help of the gnomon and its shadow Bhaskara I says : 

"Multiply the R sine of the Sun's altitude derived from the given shadow (of the gnomon) by 
the radius and divide (the product) by (the R sine of) the colatitude. Then subtract the 
minutes of the earth-sine from or add them to the resulting quantity according as the sun is 
in the six signs beginning with Anes or in the southern hemisphere Multiply the resulting 
quantity by the radius and divide (the product) by the day-radius.To the corresponding arc 
apply the ascensional difference contrarily to the above; thus is obtained the number of asus 
(elapsed since sun-rise in the forenoon orto elapse before sunset in the afternoon)". 

In Fig. 10.2, S'E is the R sine of the Sun's altitude. Multiplying this by R and dividing 
the product by the R sine of the colatitude is equivalent to dividing S'E by cos q> where 
q> is the latitude.This gives S' U or S'T of figure 1 0.4. Subtracting from this the earthsine 
UR, we get S'V. Multiplying this by R and dividing by the day-radius is equivalent to 
dividing it by Cos8.The result is equal to MH of Fig. 10.3. The arc corresponding to 
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MH is ME. On adding to this the ascensional difference EC we obtain the arc MC 
which gives the time since sun-rise. 

If we subtract MG = MH + CF from the antya QK, we get the distance QJ which is the 
versesine of the arc QM which gives the natakala (Fig 10.3) 

Bhaskara I gives two other methods both of which are essentially the same as the 
above method. Knowing the time from sun-rise, it is possibele to determine the lagna 
(orient ecliptic point) after taking into account the precession of the equinoxes 


Assuming that the declination of the Sun does not change appreciably on any day, it 
is possible to determine the equinoctial shadow by measuring two shadows of the 
gnomon on any day Writing b for bhuja, a for Karna-vrttagra, and s for the equinoc- 
tial shadow and taking into account their signs, the relation between them can be 
written as : 

b = a - s. 


if the two shadows have the same direction and all quantities in the above equation 
are positive, 


H, sin & 

COS <t> 


- s and b 2 = 


H 2 sin S 
cos <> 


-s. 


From these two equations, we obtain 
H.-H, 

If the shadows are in opposite directions of the east-west line, then wnting - b 2 for b 2 , 
we obtain : 


b, Hg+ b 2 H t 
H,-H 2 

From the equinoctial shadow we can obtain the corresponding hypotenuse. Now mul- 
tiplying the shadow by R and dividing by the hypotenuse we can obtain the R sine of 
the latitude and the corresponding arc divided by 60 gives the latitude of the place in 
degrees. 


The measurement of the midday shadow gives the Sun's zenith distance at midday. If 
this is Z, we have S = Z — <}> or <}> — Z according as Z > <j> or Z < <|> if the Sun is to the 
south of the zenith. If the Sun is to the north of the zenith then 8 = 4> + Z . From a 
knowledge of 8, one can then calculate X by the equation 

sin 8 = sin X sine 

This will give a value of X < 90°. One can then obtain the correct value of X from a 
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consideration of the seasons If the Sun is in the second quarter, this angle has to be 
subtracted from 1 80°; if the Sun is in the third quarter, it has to be added to 1 80°, and 
if the Sun is in the fourth quarter, it has to be subtracted from 360° This will give the 
sayana longitude of the Sun. From this the precession of the equinoxes has to be 
subtracted to get the true longitude of the Sun which would otherwise be obtained 
from ahargana 


YASTI OR STAFF 

The use of the Yasti for determining different astronomical quantities depends on the 
assumption that the declination of the Sun does not change substantially on any 
particular day. These determinations therefore are more accurate when the time of 
observation is near the summer or the winter solstice. 

For using the Yasti to make different measurements, one should draw on the ground, 
levelled with a water-level, a circle of radius equal to the length of the Yasti One 
should draw the east-west and north-south lines by the method descnbed earlier. At 
sun-rise one should determine the point where the Sun rises. This is done by placing 
one end of the Yasti at the centre of the circle and pointing the other end of the staff 
towards the Sun so that it gives no shadow The distance of this point from the east- 
west line, multiplied by R, the radius of the great circle, and the product divided by the 
length of the staff, gives agrajya, i.e.the distance OU in Fig. 10.2. This multiplied by 
the length of the gnomon and divided by the equinoctial hypotenuse gives OA, i.e. R 
sin 8 . From this we get the radius of the diurnal circle. Multiplying this by the length 
of the staff and dividing by R we get the radius of the diurnal circle to be drawn on the 
ground with the same centre. 

Now at any time of the day when we wish to determine the time from sun-nse, we 
place one end of the Yasti at the centre of the circle and point the other end towards 
the Sun so that it gives no shadow We now measure the distance between the sun- 
rise point on the first circle and the top of Yasti This distance then used as a chord on 
the diurnal circle drawn cuts off an arc, the number of degrees of which divided by six 
give, in the forenoon, the number o\ghap,kas from sun-rise, and in the afternoon the 
number of ghatikas to sunset. 

If the length of the Yasti is equal to R, it is plain that the distacne between the rising 
point and the top of the staff is the chord of the arc of the diurnal circle passing 
through the sun, intercepted between the horizon and the Sun For this reason, the 
arc subtended by the distance in question in this interior circle, descnbed with a 
radius equal to the diurnal circle, will denote the time after sun-rise or to sun-set 

Alternatively, one can take half of the chord, multiply it by the radius R, divide the 
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product by the radius of the diurnal circle drawn and find the arc corresponding to this 
resulting half chord. Then twice this arc will be a measure of the time from sun-rise or 
to sun-set. 

If the length of the Yasti itself is equal to R, the radius of the great circle, it is not 
necessary to multiply the measurements by R and divide the product by the length of 
the staff. We will assume herein after that the length of the staff is equal to the radius R. 

The perpendicular let fall from the point of Yasti on the ground is called the Sanku or 
mahaSanku to distinguish it from the ordinary Sanku or Gnomon of 1 2 angulas It is 
equal to the R sine of the altitude of the Sun The distance between the Sanku and the 
rising-setting line is called the Sankutala. This is the distance EU in Fig 10 2 where 
S' is the position of the Sun on the diurnal circle. Multiplying the Sankutala by 1 2 and 
dividing by the Sanku , we obtain the equinoctial shadow This is easily seen from the 
similarity of the triangles S' EU and OGH, where OG is the gnomon oi 12 angulas and 
GH the equinoctial shadow. 

The distance between the Sanku and the east-west line is know as the bhuja This is 
EO in Fig. 10.2 If we observe two Sankus and find out the bhujas for them, then their 
difference when they are of the same denominations, and their sum when they are of 
the opposite denominations, when multiplied by 12 and the product divided by the 
difference of the two sankus gives the equinoctial shadow In Fig. 10 2, if q, S' and A 
are three positions of the the Sun on the diurnal circle when the Sankus are observed, 
it is clear that : 


(DO - EO) OG (EO + OF) OG 
qD - S'E = S‘E - AF 

If the sanku is observed at three different times by the Yasti, it is possible to deter- 
mine with their help the equinoctial shadow, declination etc. Of the three Sankus, one 
should be in the morning, the second near midday and the third near the evening. A 
thread is now drawn from the top of the first to the top of the third. Now a thread is 
drawn from the top of the second Sanku to the eastern and western points of the 
honzontal circumference drawn on the ground so as to touch the thread drawn be- 
tween the first and third Sankus. The line drawn, so as to connect the two points on 
the horizontal circumference, will be the nsing-setting line and the distacne between 
this line and the centre will give the agra or R sine of amplitude. The line drawn 
through the centre parallel to the nsing-setting line at the distance of the R sine of the 
amplitude is the east-west line. 


Since the tops of the three Sankus are in the plane of the diurnal circle, the line drawn 
from the top of the first Sanku to that of the last will also be in the same plane. Hence 
the two lines drawn, touching this line, from the top of the second Sanku to the 
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circumference of the circle drawn on the ground will also be in the same plane. Thus 
the two points on the horizon, one to the east and the other to the west, and the line 
joining them are in the plane of the diurnal circle and the line is the rising-setting line 

One can now determine the equinoctial shadow as before and also the equinoctial 
hypotenuse, GH and OH respectively in Fig 1 0.2 From the similarity of the tnangles 
OHG and OAU, one determines OA, Ft sin 8, by multiplying by 12 the R sine of the 
amplitude and dividing the product by the equinoctial hypotenuse. This again multi- 
plied by the radius and the product divided by R sine of the Sun's greatest declination 
will give the R sine of the bhuja of the Sun's longitude Thus we can get the sayana 
longitude of the Sun 

Again taking two tubes equal in length to the radius of the circle drawn on a raised 
level surface and joining them at one end by means of a nail so as to form V-shaped 
tubes, one can simultaneously observe the Sun through one tube and the Moon through 
the other tube. Then putting their junctuion on the centre of the circle and their tips on 
the circumference graduated with the 360 divisions of degrees, one can determine 
the number of degrees between the Sun and the Moon. These when divided by 12, 
give the tithis elapsed in the light half of the month or the tithis to elapse in the dark 
half of the month. 

By a similar method one can determine the angle between two planets For this 
purpose, one observes one of the planets by pointing one of the tubes in the east- 
west direction. One then rotates the other tube in the north-south direction at the 
proper angle so as to observe the other planet The arc between the two tubes gives 
the angle between the planets 

In order to determine the agra of a planet, one should take a Yasti in the form of a 
needle and put it on the circle, on the raised platform, along with the east-west direc- 
tion One should now put another needle at its western end at right angles to the first 
needle. The second needle should be chosen to be of such a length that the observer 
with his eye at the top of it and his line of sight passing through the other end of the 
first needle sees a planet rising at the horizon in the same straight line. Then one can 
find the agra of the planet by multiplying the length of the second needle by R and 
dividing the product by the length of the first needle. 

By taking a Yasti and directing it towards the north on a level surface and putting the 
eye at the lower end of the Yasti, it is adjusted in such a way that its tip is directed at 
the pole star Then the perpendicular from its tip on the level surface is the bhuja and 
is proportional to the R sine of the terrestrial latitude and the distance between the 
base of the perpendicular and the base of the staff is proportional to the R sine of the 
terrestrial colatitude and is called the kofi. The koti multiplied by 1 2 and divided by 
the bhuja gives the equinoctial shadow. 
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CAKRA-YANTRA 

The Cakra-Yantra has been described by Varahamihira as follows •- 

Take a circular hoop, on whose circumference the 360 degrees are evenly marked, whose 
diameter is one hasta and which is half an angula broad. In the middle of the breadth of that 
hoop make a hole Through this small hole made in the circumference allow a ray of the Sun 
at noon to enter in the oblique direction The degrees, intervening on the lower half of the 
circle between (the spot illuminated by the ray and) the spot reaching by a string hanging 
perpendicularly from the centre of the circle, represent the degrees of the zenith distance of 
the midday Sun. 

It is not explained how the time will be determined Other astronomers recommend 
that the Cakra-Yantra should be made of in the form of a plate of metal or seasoned 
wood and a needle should be fixed at the centre, the shadow of which, when the 
instrument is held so that both sides of the circle are illuminated by the rays of the 
Sun, will give the angular height of the Sun from the number of degrees between the 
point where the shadow falls and the point representing the horizon which is at a 
distance of three signs or 90° from the point at which it is suspended For accuracy 
the Cakra-Yantra should be made of metal and be about 3 metres in diameter. 

Bhaskara II says that some former astronomers have given the following rule for mak- 
ing a rough calculation of the time, viz. multiply the half length of day by the obtained 
altitude and divide the product by meridian altitude of the Sun and the quotient will be 
the time sought. But Brahmagupta had already criticized this rough method of deter- 
mining time. According to him, the isfahrti should be obtained by multiplying the sine 
of angular height by the radius of the diurnal circle and the equinoctial shadow, and 
dividing the product by the gnomon length and the time determined as already 
explained in the section on determining time by the gnomon. 
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For his observatories at Jaipur and Varanasi, Maharaja Sawai Ja» Singh built Cakra- 
Yantras which are very large instruments There are two instruments at Jaipur each 6 
feet in diameter and one at Varanasi, 3 feet 7 inches in diameter, one inch thick and 
two inches broad, faced with brass, on which degrees and minutes are marked They 
are mounted on pillars and fixed so as to revolve round as axis parallel to the earth's 
axis At the southern extremity of this axis, and on the pillar which supports the 
instrument (Fig. 10.8), is a graduated circle in the plane of the equator The axis 
carries a pointer, which indicates the hour angle on the fixed circle, and the main 
movable circle carries an index and a sighter through which heavenly bodies can be 
observed 

There are certain prominent stars which are very near the ecliptic They are Pusya 
(8-Cancri, A,=128°1', P =0°5'), Magha ( a Leoms, Regulus; X=149°8', p = 0°28'), 
Satabhisaj (A,-Aquarn, X- 340°53‘, p = 0°23') and RevatT (£-Piscium;>,=19 0 1 1', 
P = 0° 13‘). Here X is the celestial longitude and p the celestial latitude. The circle 
should be so held that, when looking from its bottom and along its plane, the above 
stars may appear to touch its circumference The plane of the circle will then be in the 
plane of the ecliptic. While observing any of the stars, one should observe a planet 
and determine the distance between the star and the planet This distance when 
added to the longitude of the star when the star is to the west, and subtracted from 
the longitude of the star when it is to the east of the planet, will give the planet's 
longitude We have given above the modern values of X and p which do not change 
too much from year to year. 


DHANURYANTRA 

Half the circle is the capa or Dhanury antra of which the circumference is divided into 
180° and the sub-divisions of a degree At its centre a fine hole is made through 
which a needle is inserted. It is held in such a way that the chord is horizontal, i.e. the 
central part of the circumference is resting on the ground. Then it is rotated so that 
both sides are equally illuminated by the rays of the Sun as in the case of the Cakra- 
Yantra. Then the number of degrees between the point where the shadow of the 
needle falls on the circumference and the nearer horizontal line give the altitude of 
the Sun and the number of degrees between the shadow point and the lowest point of 
the circumference give the zenith distance of the Sun. From this the time from sun- 
set can be calculated as described earlier. 

The Dhanuryantra should also be large in size so that the observations may be 
accurate. 

But the Dhanuryantra described by Aryabhata seems to be a little different in the 
manner of its use We give below the translation given by K S. Shukla. 
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The chord of the Dhanuryantra is equal to the diameter of the circle (i e the perfect circle), 
and its arrow is equal to the radius. It is mounted on the circle vertically with the two ends of 
its arc coinciding with the east and west points. The eastern end of the Dhanuryantra 
should be moved along (the circumference of) the circle until the Dhanuryantra is towards 
the Sun. The shadow of the gnomon will then fall along the chord of the Dhanuryantra, and 
(the shadow-end being at the centre of the circle) the distance between the gnomon as 
measured from the centre of the circle, will always be equal to the shadow for desired time 
The degrees intervening between the (eastern) end of the Dhanuryantra and the nsing 
point of the sun divided by six, give Vneghatls elapsed in the day 

It seems the chord end of the Dhanuryantra described by Aryabhata pointed towards 
east-west direction and mounted on the circumference on the ground The gnomon 
could be moved on the chord and placed in such a way that its shadow falls on the 
centre. If now a plumb line is suspended from the gnomon, its distance from the 
centre along the diameter will give the shadow for the desired time. 

Turiya-Yantra or the Quadrant 

The Turiya-Yantra is so named because it forms the fourth part of a circle For 
accuracy, it should be made of metal which is absolutely flat and each arm of which is 
about 1 .5 metres in length. It should be graduated into 90° and each degree should 
also be sub-divided. It can be used to determine the obliquity of the ecliptic For this 
a small nail, machined on a lathe, is fixed at the centre. The quadrant is now put in the 
meridian plane with the help of the north-south direction drawn on a circle on local 
ground by the method already described. One arm of the quadrant is horizontal and 
the other vertical. The end of the shadow of the nail on the graduations of the quad- 
rant then gives the zenith distance of the Sun at any time The zenith distance at 
midday is least on the day when the Sun enters the sign of Cancer and the midday 
zenith distance is greatest on the day when the Sun enters the sign of Capricorn The 
position of shadow on these days is noted and half the angular distance between 
these two positions gives the obliquity of the ecliptic. 

In another form a small tube is fixed at the centre pointing towards the point on the 
circumference along one of the arms. Another small tube is fixed at this end pointing 
towards the centre. This end is known as the horizontal point while the point on the 
circumference at the end of the other arm is known as the sky point. A plumb line is 
suspended from the centre. The quardrant is now held in such a way that rays from 
the Sun entering the tube at the centre fall on the tube at the horizontal point The 
number of degrees between this point and the position of the plumb line gives the 
zenith distance of the Sun and the number of degrees between the plumb line and the 
other side give the angular height of the Sun. From this the time from sun-rise can be 
calculated as described earlier The Moon, the planets and the stars can be observed 
by placing the eye at the horizontal point and observing the heavenly bodies by direct- 
ing the instrument at them so that they will be observed by the light entering both the 
tubes. 



ASTRONOMICAL INSTRUMENTS 


357 


Th ® Yaniracmtamam recommends that each arm should be divided into 30 parts 

fnrtJ rl Ch h rd W P w r r e 'i° thS 0ther arm Sh0Uld be draWn fr0m eaCh P° int A|S0 an 
index rod should be fixed to the tube at the centre rather loosely so that it will revolve 

freely along the circumference. Most of the astronomical results can easily be ob- 
tained with the instrument. 



Fig 10.9. 

An instrument of solid silver, made according to the directions of the Yantracmtamam 
was presented by Maharaja Ram Singh of Kota to the Government of India and has 
been described by Mr. Middleton in the Journal oftheAsiatic Society of Bengal (1899) 
This is shown in Fig. 10.9. In this an index rod revolves freely in the vertical upon an 
axis at the centre of the plate and there is a tube about one sixth of an inch in 
diameter which runs along the whole length of one side of the instrument from the 



358 


HISTORY OF ASTRONOMY IN INDIA 


centre to the circumference From this end of the circumference, degrees from zero 
to 90 are marked on an outer circle On a slightly inner circle, the instrument is 
graduated from the other end to the first end into fifteen divisions 

When the Sun or any heavenly object is viewed through the tube, the position of the 
index rod on the outer divisions gives the zenith distance of the heavenly body The 
position of the index rod on the inner circle multiplied by the semi-duration of the day 
and divided by the meridian altitude of the Sun will give a rough estimate of the nadis 
elapsed since sun-rise. As already noted, this method of estimating the time was 
criticized by both Brahmagupta and Bhaskara II 

Along the twelfth division on the side on which the viewing tube is placed, the num- 
bers 1, 2. 3 etc have been written. It is evident that the position of the index rod on 
this line can be read with the help of these numbers and will give the length of the 
snadow of a gnomon of length equal to 12 units at any time On the equinoctial day, 
this will give the length of the equinoctial shadow and the position of the index rod on 
the outer circle will give the latitude of the place of observation 

PHALAKA-YANTRA 

The Phalaka-Yantra described by Bhaskara II, though similar to the Cakra-Yantra 
of Lalla and SrTpati, is a great improvement on them as he uses in its construction 
the principles of sphencal trigonometry so that it gives time, by the observation of 
the altitude of the Sun, much more accurately than that given by the instruments of 
the earlier astronomers, though, once its principles are understood, the determina- 
tion of time is very easy. The directions given by Bhaskara II for its construction are 
as follows 
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Fig. 10.10 
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The astronomer should make a phalaka or board of metal or of good seasoned wood 
of rectangular form, 90 angulas high and its double, i e 1 80 angulas in length At the 
middle point of the length he should attach a chain by which it can be held in the 
vertical plane From this middle point a line is drawn which is perpendicular to the 
edge and is called the lamba rekha This perpendicular line should be divided into 90 
equal parts, each of which will be equal to one angula Through each of the dividing 
points one should draw lines parallel to the top ad bottom edges These are called 
sines 

With the point of intersection of the 30th sine from the top and the lamba rekha as the 
centre, he should draw a circle of radius equal to 30 angulas This circle will cut the 
lamba rekha at the 60th sine and its diameter is equal to 60 angulas Now he should 
mark the circumference of the circle with 60 ghatis and 360 degrees and sub-divide 
each degree into 10 palas. He should bore a hole at the centre of the circle and in it 
is to be placed a pin which is to be considered as the axis 

He should now take a thin pattika, or index arm made of copper or of bamboo. This 
thin strip should be 60 angulas in length, each angula of which will be equal to the 
angula of the pAaZaAa. This should also be divided into 60 divisions It should be half 
an angula broad except at one end where it should be one angula broad where a hole 
should be bored and the pattika is so suspended from the pin on the board that one 
side of the pattika may coincide with the lamba rekha. 

In Fig. 10 10 , PQBG is the board 180 units long and 90 units high. In it aOce is the 
lamba rekha and aO = 30 units. With O as centre and Oa as the radius the circle abed 
is drawn. The index arm is of length Oe and is inserted at O. The hole in the index arm 
is so adjusted that when the index arm is suspended from O one side of the index arm 
coincides with Oe 

The rough ascensional difference in palas determined by the khandakas or parts 
divided by 19, will here become the sines of ascensional differences adapted to this 
instrument. 

The R sin (ascensional difference) = R tan $ tan 5, and the rough values of the arcs 
corresponding to the first, second and third signs at a place, when the equinoctial 
shadows is one angula, are 10, 8 and 3 % palas respectively. These are the values 
when R = 3438'. When the radius is 30, the arcs corresponding to the three signs will 
be these values multiplied by 30 and divided by 3438. If we wish to find the arcs in 
asus, they will have to be further multiplied by 6. Hence the arcs in asus correspond- 
ing to the signs will be (10, 8, 3-^ ) x (30 x 6)/3438 = (1 0, 8, 3^)/1 9.These will be the 
values for the instrument devised by Bhaskara II. Since the arcs involved are small the 
jya corresponding to these values will also approximately be the same. 
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The numbers 4, 11, 17, 18, 13, 5 multiplied severally by the equinoctial hypotenuse 
and divided by 1 2, will be the khandakas or portions at the given place ; each of these 
being for each 15 degrees (of the bhuja of the Sun's longitude) respectively. The 
sayana longitude of the Sun should be found by applying the correction due to the 
precession of the equinoxes and adding together as many khandakas or portions as 
correspond the bhuja of the Sun's longitude above found, and the sum should be 
divided by 60 and the quotient obtained should be added to the equinoctial hypot- 
enuse. The result is now multiplied by 10 and divided by 4 The quotient here is called 
yasti in digits and the number of digits thus found is to be marked off on the arms of 
the patfika counting from its hole penetrated by the axis. 


Z 



s 


Fig. 1011 


The theory involved in the above can be understood by reference to Fig. 1 0 1 1 . Let P, 
S and Z be the position of the north pole, the Sun and the zenith respectively. If A is 
the altitude of the sun, the arc ZS is 90° - A. If 8 is the north declination of the Sun, 
the arc PS is 90° - 8. If 4> is the latitude of a place, the arc PZ is 90° - <|>. Now, in the 
sphenca! triangle PZS, 

cos (90° -A) = cos (90° - 8) cos (90° -<fi) + sin (90° - 8) sin (90° - 4>) cos T, 
or sin A = sin 8 sin $ + cos 8 cos <|> cos T, ' 

_ sin A -sind> sin 8 

or cos T = 2L 

cos (jicos 8 

where T is the time to midday or from midday. If the Sun is in the southern hemi- 
sphere, 5 is negative. Hence we have 


ft cos T = 


ft sin A 
cos cos 8 


1 ft tan <|i tan 8 
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R sin A 

= “cos <j> cos 8 ; R sm (ascensionai difference), 
according as the declination is north or south. 

K, 1 h 

Now ’ cos ^ = ~vi' wh ere h is the equinoctial hypotenuse of gnomon of 1 2 angidas 
Therefore, 

h Rs\nA 

k cos j = — — — — — — i R sin (ascensional difference), 


where y - 

h 

R 

12 

cos 8 

Now, y = - 

h 

R 

12 

cos 8 


R 

r h+ ± 


12 

*■ + 12 


-y sin A ~ R sin (ascensional difference), 
and is called Yasti 


R h 

12 IF 


/ 12 \ R hT 12 (1 - cos 8) *1 
' COS 5' = 12 * 12 *■ + cos 5 J' 


12(1 -cos 5) 
cos 8 


]• 


When the bhuja of the Sun's longitude is 15, 30, 45, 60, 75, 90, the value of 
12(1 - cos 8)/cos 8 is 4, 15, 32, 50, 63, 68 sixtieths respectively. The differences of 
these values are 4, 1 1 , 1 7, 1 8, 1 3, 5 which have been given above. On multiplying the 
differences by h, the equinoctial hypotenuse, and dividing by 12, the quotients found 
are called the khandas for the given place. By assuming the bhuja of the Sun's 
longitude as an argument, one has to find the result through the khandas Let r be 
this result. Then, 



= \h + because in the instrument R - 30. 

4 v 60 7 

Thus, 

R cos T=—~ + S ' n - A + ^ sin (ascensional difference). 

It is evident that the value of the yasti, y will always be greater than 30 because h is 
always greater than 1 2 except at the equator where h is equal to 1 2. At the equator 
the yasti will be equal to 30 only if 8 = 0. If on holding the instrument so that the rays 
of the Sun shall illuminate both its sides' (to secure its being in a vertical plane), the 
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shadow of the axis at O cuts the circumference of the circle abed in s, the angle sOb 
is equal to the angular height of the Sun 

Now the index arm is put on the axis and putting it over the place where the shadow 
cuts the circle and measuring along the index arm a length equal to the yasti found 
above, let m be the point so obtained. Then, 

mn = y sin A 

If the place is at equator, we have to find T such that 2? cos T = mn Then T gives the 
value of time in degrees to or after midday 

At any other place, the correction on account of the ascensional difference has to be 
applied If the Sun is in the northern hemisphere R sin (ascensional difference) has to 
be subtracted from mn Let the amount to be substracted be mr. Then R cos T=tt' 
and the angle is given by the arc ct. If the Sun is in the southern hemisphere, the 
amount mr 1 , the correction due to the ascensional difference, has to be added and 
R cos T=TT and the angle is given by the arc cT. 

Once a table of the values of the yasti and of the correction on account of the 
ascensional difference for the different bhujas of the Sun's longitude for a particular 
place has been constructed, the instrument will give the time very easily and quickly 

KAPALA-YANTRA 

TheKapala-Yantra described by Varahamihira and others is very different from Kapala- 
Yantra desenbed by Aryabhata and Surya-siddhanta, the latter being actually water 
instruments This instrument is a hemisphere with a gnomon in the centre The length 
of the gnomon is equal to the radius of the hemisphere so that the upper tip of the 
gnomon is at the centre of the hemisphere. It is placed on even ground and raised so 
that the elevation is equal to the latitude of the place and plane of its rim coincides 
with the plane determined by the east-west line and the direction of the north pole. 
Thus the gnomon points towards the point of intersection of the mendian circle and 
the celestial equator. The instrument may be made of metal or of good wood At the 
centre of the hemisphere also cross two wires stretched between the east-west and 
north-south points of the rim. 

On the rim the signs of the zodiac are marked in the reverse order At the time of sun- 
rise the instrument is rotated so that the shadow of the gnomon falls on the sign in 
which the Sun is. As the sun rises the shadow of the gnomon point moves downwards 
from which the angular height of the Sun may be obtained. And thus the time since 
sun-rise can be calculated as well as the sign which is at the horizon at that instant 
may be obtained This has already been discussed earlier. 
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NALAKA-YANTRA 

This is a simple little tube formed generally of bamboo. Its use is only to verify the 
correctness of the computation of the shadow and bhuja. If the computation is wrong 
the planet will not be seen in the direction indicated by the values of the computed 
bhuja and koti. if tne planet is in the east, the computed koti must be marked in the 
west, but if the planet is in the western hemisphere, it must be marked in the east. 
The bhuja is now marked in its own direction and the shadow is the hypotenuse of the 
right-angled triangle formed by the koti and the bhuja. A thread connecting the point 
of the intersection of the bhuja and the shadow to the top of the gnomon forms the 
chayakarna. If now the tube is directed along the direction of the chayakarna, the 
planet will be visible 

In actual practice the Nalaka-Yantra is mounted on two bamboo sticks, so that its 
lower end is at the height of the eye and it is pointing the direction of the chayakarna. 
In the case of the Sun, one can actually observe the gnomon shadow or one can 
compute it knowing the direction etc. In the case of a planet, the shadow cannot be 
seen But its koti and bhuja can be calculated from its computed position and its 
declination. The Nalaka-Yantra will then verify the correctness of the computation. 



Fig. 10.12 

One can see the reflection of the planet in water. Since the angle of incidence is equal 
to the angle of reflection, the reflected light will be making the same angle with the 
surface of water but will be directed upwards in the plane of the incident ray.The 
Nalaka-Yantra will have thus to be directed downwards by the same amount as it 
was previously raised upwards while making the direct observations. 

The Indian astronomers had developed certain graphical methods to determine 
astronomical quantities. One of these, described by Varahamihira, is a method to 
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determine the ascensional difference of the different signs. Here a circle of diameter 
one hundred and eighty angulas is drawn on level ground. The prime vertical, the 
zodiacal signs and 360° and the declinations of the signs are marked on it This is 
done in Fig. WA2.ENWG is the circle with diameter equal to 180 angulas On this 
the declination of the first three signs are indicated as Wa', Wt' and Wg\ 

Lines parallel to EW are drawn through a\ f and g' meeting the line NG in a, t and g 
respectively. Then ad, tt' and gg' are respectively the radii of the day circles when the 
Sun is at the end of the first three signs. With the same centre C, one has to draw 
these other circles with radii equal to ad, tt' and gg* (only one of these with a radius 
equal to aa‘ is drawn in the figure). One now cuts off the arc NP equal to the latitude 
of the place and joins the line CP which cuts aa' in d 

Now we measure a chord d’d" equal to twice ad. Then arc d'd" is equal to twice the 
ascensional difference for the first sign. Since 

ad PI R sin 4> 
aC ~ 1C ~ R cos 

ad-aC tan <j>, 

= R sin 8 tan <f>. 

This is what is known as the earth sine. If the angle subtended by the arc d'd" at the 
centre is 20, 

dd' 

R cos 8 sin 0 = —g— = R sin 8 tan <|>, 
or R sin 0 = R tan Stan ^ 

which is the cam-dala-jya. The corresponding angle is the right ascension. Similarly 
we can get the vinadikds corresponding to Anes + Taurus and Anes + Taurus + 
Gemini from the intersection CP with tt and gg 1 respectively and the two circles with 
radii tt' and gg* which have not been drawn in Fig. 10.12 

Aryabhata has described a Chaya-Yantra shown in Fig. 10.13. On level ground a 
circle NWSE is drawn with centre O and radius equal to 57 angulas which is equal to 
the number of degrees in a radian. The north-south and east-west directions are 
drawn on it as explained before. The sines of the Sun's declination and the Sun's 
longitude are now determined from the hypotenuse of the shadow of the gnomon 
when the Sun is on the prime vertical or from the hypotenuse of the shadow when the 
Sun is in a mid-direction. 

When the Sun is on the prime vertical, the shadow of the gnomon falls on the east- 
west Sne.The value oUhemahakinku when the Sun is on the prime vertical, i.e. the 
value of OB in Fig. 1 0.2, is given by the.relation : 



ASTRONOMICAL INSTRUMENTS 


365 


OB = 


12fl 

hypotenuse when the Sun is on the pnme vertical 


12 jR 
" K 


■, where K = hypotenuse when the Sun is on the prime vertical. 



Fig. 10.13 

Also from Fig. 10.2, thei? sine of the declination of the Sun is given by OA and OA = 
OB x sin <t> where $ is the latitude of the place, 

or OA = OB sin <|> 

„ TT OA 

The agra OU — , 

cos <)> 

= OB tan <(>, 

1 2 JR tan <t» 

" ~~K 


Knowing R sin 6, we can get the R sin X = — : 

sin e 

where e is the obliquity of the ecliptic and X is the longitude of the Sun. 

But when the Sun is in the southern hemisphere, it never crosses the prime vertical. 
Then the midday hypotenuse is given by 


cos (<|> + 8) 

where H is the midday hypotenuse and 8 is the southern declination of the Sun. From 
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this 5, agra and R sine of the longitude of the Sun can be determined. 

The points A and B at the ends of the Sun's agra are now laid off in the east and west 
in their proper direction and also OC is equal to the Sun's agra. A is the point where 
the Sun nses in the east and B is the point where the Sun sets in the west and AB is 
the rising-setting line. With C as centre and CB as radius a circle BDA is drawn which 
is the diurnal circle for the day. 

The gnomon is now so placed at the end of each ghati that the end of the shadow 
may lie at the centre O of the circle. The point of the circle BDA where the shadow 
cuts it corresponds to that particular ghati BDA is thus marked in ghatis and the 
intervals between the ghatis are equally divided into six degrees. The Chaya-yantra 
constructed in this way is used to determine the ghatis and degrees elapsed since 
sun-rise. 

The same circle cannot be used to determine the time for different days and 365 
different circles will have to be drawn for the 365 days of the year. 

None of the instruments described by Indian astronomers before the time of Maha- 
raja Jai Singh survive today. Perhaps they were made of perishable materials like 
wood and bamboo. Admittedly also they were not very sophisticated But it must be 
remembered that mechanical clocks had not been divised upto that time and it was 
not possible to measure time very accurately. 
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DEVELOPMENT OF ASTRONOMICAL OBSERVATORIES 

In astronomical lore of ancients there were very few simple instruments Naked eye 
observations were the earliest attempt to record astronomical events. The man ob- 
serving his own shadow developed some empirical relations for knowing time lapsed 
after sunrise and also the time remaining of the day 1 This way the use of gnomon (a 
vertical stick) started in a systematic fashion and the science of sciatherics (gnomontcs) 
developed. At the same time or even earlier, water clock (clepsydra) might have been 
used in determining time. The rising and setting of Sun, Moon and stars, the waxing 
and waning of Moon's phases, lunar and solar eclipses and also the occultations of 
Moon and planets (like conjunction of Jupiter with 6-Cancri etc.) and other phenom- 
ena like heliacal rising and setting of planets etc. always fascinated the ancient man 
to have open air observatories. 

We find a simple stick (or a nalika, tube) and a thread being used for determining the 
diurnal rising and setting of Sun, Moon and planets, in the horizon of the locality. 2 This 
was the simplest instrument prepared by drawing a circle on ground and a stick was 
being used for pointing towards the disc of Sun, Moon or planet at the time of rising 
or setting. The thread (davarika as sometimes it is called) was being used to draw 
geometrically the chords in the experiments as shown in Fig. 1 1 .1 . 

This is probably the first instrument in open air observatory used for planetary 
observations. A simple stick and a tube too served the purpose to observe planets' 
conjunction etc. Along with it a gnomon 3 was being used for determining time. The 
gnomon might have been used for standardizing the amount of water in clepsydra on 
equinoctial days. 4 These two instruments might have been used simultaneously for 
defining muhurtasP during day and also during night from observations of Moon's 
shadow. 6 The observatories evolved from these open air collections having these 
simple instruments. We do not have any record of old observatones but there are 
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Fig. 11.1 

1. Cardinal coordinates used for celestial bodies at the time of nsmg due to diurnal 
motion in ancient astronomical tradition as in Vedangajyotisa, Sulbasutras 
Suryaprajnapti etc. 

2. The height of planets etc. was defined w.r. to cardinal point S and was measured 
simply by geometrical construction. It was declinations! height projected on the 
earth. 

scattered references like those of Emperor Babur mentioning the old observatory of 
Vikramiditya’s time. 7 There is no doubt that the instruments were evolving gradually 
as evidenced from studies of astronomical texts in chronological fashion. When the 
spherical nature of shape of the Earth was established, a geometrical globe was 
developed as described in the last chapter oiSUrya-siddhanta. a Vh\s instrument gave 
birth to a celestial globe when the astronomical circles like celestial equator, ecliptic 
etc. were defined. The khagola 9 (celestial sphere) was prepared by using wires or 
wooden splinters. The present recension of SHrya-siddhanta mentions the setting of 
this instrument which in a bigger shape formed the armillary sphere used in observa- 
tories. It also gives some details of instruments like : 

(1 ) Yasti the instrument already descnbed, Fig. 7.6. 

(2) Dhanu (arc with chord) to be used for observing rising or setting celes- 
tial bodies, with the help of Sara (the arrow) formed of a stick. 

(3) Cakra, the wheel-like instalment used for determining declination etc. 
or even for determining time by observing transits of stars 
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(4) Watches being run with the help of sand, water, oil etc. Water clocks 
made in the shape of mayura (peacock) and monkey-shaped yantras 

(5) KapSla yantra (bowl shaped water clock) with a thread in its hole. 

(6) Gnomon or Nara yantra , 9 10 of 1 2 angulas. 

All these instruments constituted observatories in older times. Later in treatises like 
Brahmagupta's, Lafla's etc. and in Siddhanta-siromam of Bhaskaraclrya, we find more 
detailed description of astronomical instruments. 6 7 8 * * 11 Bhaskaricarya discusses the 
following instruments ■ 

(1 ) Gola yantra, the armillary sphere - A sphere in which all movable and fixed circles 
are designed and the observer can perform observations sitting within the sphere 
itself. Aryabhata-I has given little details of this instrument, 12 but Brahmagupta and 
Lalla have given similar elaborate details. This instrument although inconvenient to 
use, serves the purpose of an astrolabe. It may be remarked that Bhaskaraclrya per- 
formed lunar observations with the help of this instrument and compiled his 
Bijopanaya 13 in which he discusses the variable corrections (sinusoidally varying cor- 
rections) to the moon. 

(2) Cakra yantra - A wooden or metallic wheel-like structure with an axis fixed in a 
hole at its centre. It was fixed in the plane of ecliptic with the help of yogataras of 
Pusya, Magha, Satabhisaj and RevatT, which have almost zero latitude. It was used to 
determine longitudes and latituides of planets. 

(3) Capa yantra - Just half the Structure of Cakra yantra. 

(4) Turiya yantra - Only one quadrant of the Cakra yantra with a stick or nahka 
(tube) for observing celestial bodies in order to determine their zenith distances and 
altitudes. 

(§) Nadwalaya - A cakra in the plane of the equator used to determine directly 
timings of rising and setting of signs, hora, drekkana, navamsa, etc. 

(6) Ghad yantra - A drona (bowl-shaped) water-dock with a hole of standardized 
size at its bottom. 14 

(7) Nara or &anku (the gnomon) made of ivory or a metal. 

(8) Phalaka yantra - A plank with a circle of radius 30 angulas drawn on it. The circle 

is graduated in ghatis and degrees. A patti of half atigula width and of length 60 

angulas (and some additional length of one ahgula for fixing) is fixed in the axis 

through the centre of the circle. The axis forms a gnomon. The instrument is made to 

hang with the help of a chain. The patti is placed passing through the shadow on the 
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circumference of the circle. When hanging in the plane of vertical circle, the instru- 
ment can read zenith distance directly through graduations on the circle An addi- 
tional attachment yasti is prepared by analytically computing its length using the 
latitude of the place of observation and the subsequent ascensional difference at the 
time of observation This helps determining the hour angle of the Sun (and hence the 
time) just geometrically without going into the detailed computations 

(9) Yasti yantra- It consists of a circle with radius = the radius adopted for the chord 
sines in the text and east-west north-south points marked on it There is another 
concentric circle with radius = dyujya = R sin (90° - 5) The line joining the rising and 
setting points on the horizon is the udypstasutra. Ayasti (rod) of length = radius R is 
used to fjoint towards the Sun so that its shadow vanishes This way the Sun is at the 
tip of the yasti (the yasti is to be rotated as the Sun moves along the ahoratra-vrtta 
(diurnal circle) and consequently its hour angle changes. The distance between the 
tip of the yasti and the Sun's rising point is measured and a full chord (jya) of this 
length is drawn in the diurnal circle. The ghatls lying in the arc of this chord in the 
diurnal circle is the unnatakala (i.e. lapsed time of the day after sunnse at the instant 
of observation) Bhaskaracarya has given various uses of this instrument. 

(10) Dhi yantra - It is a simple stick instrument (augmented by a plumbline-like 
device to assign vertical direction). It was used to determine the heights and dis- 
tances of objects by measunng the inclinations or angles of elevation (actually bhuja 
(x-coordinate) andkoti (y-coordinate) in Bhaskaracarya's treatment) at different points. 
The method is similar to the one depending upon parallaxes of terrestrial and celes- 
tial objects. This was used for determining heights, distances etc. by observing the 
objects also in water. 15 It may be remarked that in Bhaskaracarya's treatment geom- 
etry of refraction at an angle within water was not at all used He used the facts like 
that the image of a vertically standing tree etc. within water is of the same size as the 
tree itself. In the solutions of problems by Bhaskaracarya the refraction does not occur, 
so his solutions are not affected by refraction. It may be remarked that laws of reflection 
were known to Indian astronomers of olden times, 16 but the laws of refraction were not 
discussed. 

It may be remarked that in general these are the instruments described in standard 
treatises, but there are some variations or some additions by later astronomers. Ganega 
Datvajna (the author of Grahalaghava, §aka 1 444) devised a whip-like honzontal gno- 
mon called the Pratoda yantra ( Cabuka instrument or the hunter sun-dial). A small 
booklet was written by him which was included by MunlSvara in his Siddhanta- 
sarvabhaumaS 1 This has a cylindrical shape in which a gnomon of 1/6th of its size is 
inserted in holes (12 in number, one for each month) arranged vertical columns. 
These vertical columns are graduated for observing shadows in all the 1 2 months 
throughout the year. There are other columns also to determine other parameters like 
unnatamSas (altitude) etc. too. The Pratoda yantra was brought to light by Junnerkar 
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of Patana (Gujarat) in V. 1959, 18 and these are now found with some families too. This 
instrument was used to determine time during the day 

It is worthwhile to remark here that gnomomcs in Indian tradition developed from 
ancient times to the time of Sawai Jai Singh. We find in Phalaka yantra of Bhaskaracarya 
and in Pratoda yantra of GaneSa Daivajna the use of honzontal gnomons, while only 
vertical gnomons were being used in earlier works In Sawai Jai Singh's instruments, 
we find the use of triangular gnomons and much more sophisticated uses of the 
vertical and horizontal gnomons as well, which will be discussed in details in the next 
section 

It may be remarked that gnomons were also used to determine obliquity, latitude, 
hour angle (in terms of lapsed time of the day) etc. too In the Surya-siddhanta 19 
there is described a method for observing planets at the time of conjunction through 
a mirror with the help of two gnomons 20 Also the gnomons were used to determine 
time during night too using shadow of the Moon, but this was an inadequate and 
erroneous method to define muhurtas in terms of hour-angles of the Moon, (as 5° 
latitude of the lunar orbit will introduce much error in these findings). We also find 
nocturnal instruments 21 in Indian tradition, which were used to determine time dunng 
night using observations of dhruuamatsya (fish-shaped group of polar stars including 
Polaris) and during day using observations of the Sun. This could be used to deter- 
mine lagna (ascendant) also A book entitled Dhmvabhramana yantra was written 
by Padmanabha S/o Narmada (Saka 1320 = A.D. 1398). In fact this forms the second 
chapter of his book Yantra ratnavali, or Yantra kiranavah. We also have a text on 
practical astronomy by Cintamam Dixit named 'Golananda which discusses an instru- 
ment designed to give equations of centre of planets, radii vectors (iighrakarims), 
true velocities ( spastagati ), declinations, latitudes, ascensional differences, ascend- 
ant (lagna), direction, altitude, parallaxes in longitude and latitude etc A commen- 
tary on this text was written by Yajnesvara. Another book on practical astronomy was 
written by Sr? ViSrama in 1537 Saka We also find a small text on Koneri yantra which is 
an instrument similar to the Dhi yantra of Bhaskaracarya. There might have been 
developed many other instruments and texts on practical Hindu Astronomy of which 
we have no records available now. All these instruments were designed either to find 
correct time or to determine planetary positions. 

OBSERVATORIES OF SAWAI JAI SINGH 

From previous section it is clear that as tr onomical instruments had been developing 
since early Vedanga Jyotisa period upto the medieval times in the hands of expo- 
nents of siddhantic astronomy. There were open air observatones for daily observa- 
tions of rising and setting of Sun (also of Moon and planets) for determination of solar 
year etc as described in Suiba-sutras and Surya-prajnapti At the time of these 
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observations time measuring devices, gnomon and clepsydra, too might have been 
placed nearby the place of the observation The gnomon might have been used to 
standardize or calibrate clepsydras The units of time, muhurtas and ghatis and the 
shadow-length and equivalent waters were standardized by simultaneous use of these 
two Instruments. These two portable instruments and the simple fixed circular device 
augmented with davanka (thread), as already shown in Fig 7 6, formed the earliest 
open air observatory. Later on more instruments were added as they developed 
Gnomonic expenments were performed throughout the year to determine seasons etc 
in terms of locus of shadow Circular structures on levelled grounds for use of gnomons 
in order to determine declination of Sun formed better structure instruments On meas- 
urements using such devices cardinal points were used as coordinates and declinations 
as heights in diurnal paths, we do not have any record of those observatories now But 
there are scattered references, for example, Emperor Babur mentions of an observa- 
tory of Vikramaditya's time He wntes in his Memoire • 

“Another observatory was made in Hindustan, in the time of Hindu Raja Vikramaditya, in 

Ujjain and Dhara that is the Malwa country now known as Mandu The Hindus of Hindustan 

use the tables of this observatory They were put together 1 584 years ago" 22 

These days we have only the observatories of Jai Singh preserved Raja Jar Singh 
Sawai (A.D 1686-1743) constructed observatories at Delhi, Ujjain, JaipurandVaranasi 
There was an observatory in Mathura which is now no more. About the origin of these 
we have the evidence in document Zij Muhammad, Shahi Lt A F. Garret worked on 
restoration of Jaipur observatory with the help of Chimman Lai Daroga, Pt Chandradhar, 
R E. Guleri, Mistri Maliram and Shri Gokul Chandra Bhavan. 23 Lt Garret did not express 
his opinion about .Zy Muhammad Shahi. 

In 1918 after discovery of Ulugh Beg's observatory, 24 Department of Archaeology of 
Government of India examined the tables and concluded that Jai Singh’s star-tables 
were ordered the same way as Ulugh Beg's Longitudes differed by 4°.8 due to pre- 
cession but latitudes were the same. Also the astronomical tables were similar to 
those of De La Hire's. 28 But according to the preface, Jai Singh himself constructed 
these tables There are many discrepancies and anomalies in this text and thus these 
deserve special study for any conclusive inference According to Kaye, Padre Manuel 
and Mohammad Shanf were sent to Europe and other countries and in A D 1728, 
Father Figueredo, a Portuguese Jesuit, was sent to Portugal In spite of all the infor- 
mations, Jai Singh did not use the then available astronomical equipments in his 
observatones. Jai Singh renovated these and developed some instruments of his 
own. Mana Mandira observatory was two hundred years earlier than Jai Singh, as is 
evidenced from A. Campbell andT D Pearse's records who visited this observatory in 
1770 and stated that the observatory was built two centuries earlier. 26 It makes no 
sense to construct a new observatory on the roof of an old building. It is logical to 
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accept that an old one might have been restored by Jai Singh William Hunter* 7 and 
later Kaye summarised that Varanasi observatory was one of the five Jantar Mantars 
erected by Jai Singh, the four others being built in Delhi, Jaipur, Ujjain and Mathura 
Tavernier and Pnnsep visited India in 17th Century A D at the time of reign of an- 
other Raja Jai Singh and took it for Jai Singh's work. The records of instruments in 
Bhaskaracarya's and others' works and the reports on Vikramaditya's observatory show 
that the traditions of astronomical techniques were in vogue in India throughout all 
centuries from pre-Christian era to the time of Jai Singh in different parts of the 
country in spite of many invasions and political upheavals 

Now let us turn our attention towards the equipments in these observatories. On 
seeing the big massive masonry instruments in Jantar Mantars, the first question, 
whch occurs in one's mind is why Jai Singh constructed big stony structures leaving 
aside the metallic instruments which could easily be prepared during those days 
Here we try to view the problem faced by Jai Singh in the light of the background of 
his astronomical achievements at that time 

THE REASON WHY JAI SINGH RESORTED TO MASSIVE MASONRY 

INSTRUMENTS 

Raja Jai Singh was trained in his early years, in the field of Hindu astronomy but he was 
not satisfied with the use of old data on astronomical constants and wanted patterns 
advanced in comparison with those of earlier Indian astronomers He interacted with 
scholars of Moslem world and got attracted to astrolabes and other metallic instru- 
ments He got metallic instruments prepared with improvements and modifications 
which could give results in Indian astronomical tradition. According toZij Muhammad 
Shahi (A.D. 1719-1748), he constructed Zat-al-Halqua (a sphencal shaped instru- 
ment Golayantra) with diameter = 3 gaz, Zat-al-Shabatain, an astrolabe with two parts 
aksa-patras (discs for different latitudes) and bhapatra (disc with zodiacal signs), Zat- 
al-Zaquatin and Sadas Fukhri (Shud-Sufkari in Arabic), (Sasthamia y antra according 
to Jagannatha) and Shamlah (the word used by W. Hunter for Jai Prakash yantra) 
etc A number of such instruments are still preserved in repositories in Jaipur and 
Varanasi 28 

After using these instruments he realized that these instruments although being very 
handy suffered from serious limitations on account of their small size, wear and tear, 
loosening of axes, back-lash errors, displacements of centres, shifting of planes of 
instruments, inequality of divisions and effects of weather etc, and took this to be the 
reason for inaccuracies in works of Hipparchus, Ptolemy etc. In order to get more 
accurate results he thought of constructing big masonry instruments which could be 
best set once for ail and being stable were not liable to change their azimuth. His 
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approach was similar to the one adopted by Mirza Ulugh Beg (A D 1394-1499) in 
Samarqand observatory in Central Asia Greaves states that it had a quadrant used 
by Ulugh Beg as high as summit of St Sophia in Constantinople or about 180 ft 
Earlier Moslems too devised big instruments Abul-I-Wafa (A D. 995) used a quad- 
rant of radius 21 feet 8 inches Al-Khojendi used a sextant with radius = 57 feet 9 
inches. 29 

Jai Singh 30 constructed in Dar-al-Khilafat in Shah-Jahanabad (i e. Delhi) an observa- 
tory in which he errected instruments of his own invention, such as Jai Praka&a 
yantra, Ramayanra, and Samrat yantra, which had semidiameters of eighteen cu- 
bits and on it is barley a corn and a half of lime and stone of perfect stability, and in 
erecting these much care was taken for rules of geometry in adjustments to merid- 
ians and to latitudes of the place. This way all types of errors could be rectified The 
Delhi observatory got completed by A D. 1 724 In order to confirm the reliability of the 
results obtained through observations, he constructed similar observatories in Jaipur, 
Ujjain, Varanasi and Mathura The observations at all these observatories were found 
to tally well. Later he sent Padre Manuel to Portugal and some others to European 
countries who brought astronomical charts, tables and books Jai Singh had also 
tables of Ulugh Beg, Flamsteed, Tycho Brahe and Havelius, Said Gurgam and Khaquami. 
On examining these tables and checking the computed results on the basis of Euro- 
pean tables he found that the error in longitude of Moon was sometimes as large as 
half a degree and at syzygies too there was some error resulting into error in predic- 
tions of eclipses The times of solar and lunar eclipses were found to be in error to 
occur earlier or later by 14th of a ghati (= 6 minutes) So Jai Singh's belief was 
confirmed that European instruments which were not of so big sizes suffered from 
errors. It may be pointed out that Flamsteed (1 646-1 719) used a sextant of just 6 feet 
radius, a 3 feet quardrant, a mural arc, (Yamyottara Bhitti yantra) of radius 7 feet 
Jai Singh's big instruments at least had better provisions of readings with better 
accuracies, but later developments of theories based bn law of gravitation and ad- 
vancements in theories of level correction, azimuthal correction etc , to be applied 
theoretically as remedies for errors in setting of transit instruments etc, using vernier 
calipers and pitch devices surpassed the old techniques. It may be remarked that the 
errors in the longitude of Moon etc. were not only due to experimental inaccuracies in 
determinations of equations of centres etc. but in fact were mainly due to the lack of 
development ef lunar theories etc. in the light of law of gravitation at that time. These 
theories went on improving upto the middle of 1 9th century or so. There is no doubt 
that the European developments in these theories upto the 1st quarter of 18th cen- 
tury could not convince Raja Jai Singh to be any of the better techniques and this was 
the real reason why he resorted to masonary structures in constructing his original 
devices. (See next chapter on Jai Singh's knowledge of telescopic observations and 
their limitations). 
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INSTRUMENTS IN THE OBSERVATORIES OF JAI SINGH 

Now we would like to discuss in brief the instruments set by Jai Singh in his observa- 
tories It may be pointed out that the instruments in all these observatories were the 
same but with some variations in dimension etc Here first we discuss some of the 
instruments which are described by Bapudeva SastrT in his exposition on Mana-mandira 
observatory in KaST (Varanasi) in the year 1788 Saka (A.D 1866). 

These days KasT Observatory (25° 18' N, 83° T E) is in a very bad shape Earlier, it 
had very good instruments upto 1 8th century A D as reported by Robert Barker 
(Commander-in-Chief in Bengal in 2nd half of 18th century A.D) 31 , whose report is 
the earliest on this observatory after Jai Singh. This was prepared for Royal Society 
of London Further information was supplied by J C Williams in A D 1792. He gives 
the information that the Mana-mandira was much older. It was built for repose of 
pilgrims and holymen On the top of this, the observatory was built by Jai Singh. The 
construction was begun in the year 1 794 Vikram (A D 1 737) and it took two years for 
completion Raja died in 1800 Vikram (A D 1743) In 1799 Hunter gave a brief de- 
scription and spoke of the accuracy of William's description. Sir Joseph Hooker made 
excellent drawings of the three instruments invented by Jai Singh He recorded in his 
diary that the KaST Observatory was even then the most interesting monument al- 
though it was fast getting in ruins. Pandit Bapudeva SastrT, 32 Lala Chiman Lai, Gokul 
Chandra Bhavan, 33 G R Kaye 34 and others too have written about the instruments of 
this observatory 

Here we first describe the instruments of KasT observatory as described by Bapudeva 
SastrT in A D. 1 866. 35 

1 Yamyottara yantra ( Mural quadrant) 

There is a Yamyottara yantra in the north-south direction in the form of a wall made 
up of line brick-stones (hence the name bhitti yantra) It is 714 hands (1 hand = 
24 angulas = 3/2 feet) in height, 6 hands, and 1 14 angulas in breadth and 1 614 ahgulas 
in thickness One of its sides, facing east is whitewashed and smoothened On this 
side at the points near top corners there are fixed two gnomons (Sankus) made of 
iron, which are separated by 5 hands from each other and are fixed at a height of 7 
hands less 2 angulas from the ground With the gnomons as centres and radii equal 
to the distance between them, two intersecting quadrants are drawn Below these 
quardrants there are concentric quardrants which are uniformly divided consecutively 
in 15 parts (6° each), 90 parts (1°each) and 900 parts (6' each) (See Fig. 11.2) This 
instrument can be seen by the visitors at first sight while entering the Mandira. 

In this instrument every day at midday time when the Sun is on the meridian, the 
shadow of gnomon falls on the quadrant, whose centre is the former From the top of 
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the other gnomon upto the shadow are the altitude degrees and from the bottom 
(upto the shadow) are the co-altitude degrees But in Varanasi the latitude is more 
than the maximum declination (the obliquity) of the Sun. So it cannot go higher (to- 
wards north) than the zenith there Thus for the Sun, only the quadrant with centre 
towards south is useful. Here the graduations of both the north-south (gnomon)- 
centred quadrants are for the observations of all the stars north or south of zenith, 
when they are on the meridian. 



Fig 11.2 

With the help of this instrument one can easily know the latitude of place and the 
maximum declination of the Sun Go on observing the zenith distances every day 
throughout the year. Note the maximum and minimum zenith distances Z mui and Z min 
(say), then the obliquity of ecliptic e (i.e. the maximum declination) is given by 

c - ^max ~ M\ 


Jai Singh performed these observations and found the value e = 23° 28', more accu- 
rate in comparison with the value 24° as accepted by all earlier siddhantic texts Even 
the value 23° 35* as found by Mahendra Suri using astrolabe in 1 4th century was not 
accepted. Now the latitude of the place of observation 6 can be found very easily. 

0 = z *«-e = **»,+ £• (2) 

Once the latitude of the place and obliquity of the ecliptic are known, one can know 
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the declination of the Sun on any desired day One can directly note the zenith dis- 
tance Z, at mid-day time; the declination of the Sun 8 will be given by 

5 = Z ~ cp. 

Knowing the declination, the longitude of the Sun can be computed 

It may be pointed out that this instrument can also give the zenith distance for Moon 
on the days when shadow of the gnomon is visible in moon-light This way the decli- 
nation of the Moon too could be determined easily. The maximum declination and 
hence the latitude too could be estimated by selecting proper days for the observa- 
tions For stars too this instrument was utilized to determine zenith distances at tran- 
sit time and hence the declinations In this case one had to view the star in line with 
edge of gnomon and see were the line cuts the graduation on the quadrant In fact the 
naked eye sighting lacs precision. Still, the declinations of stars were determined and 
catalogues were prepared using this instrument. 

2. Some unknown instruments 

Towards east of this Yamyottara yantra there is an adjacent plane with breadth equal 
to that of the wall and length equal to seven hands Although it was initially levelled 
like water (surface) but now It is uneven On this place two pegs of iron were fixed 
with holes at the top These are fixed along eastern direction determined by the two 
gnomons in the wall At present only one of them in the east exists Quite near this 
plane there is a levelled circular plane made up of lime bricks and with diameter equal 
to 1 hand. 9 angulas. There is also another levelled circular plane made up of stones 
and having diameter equal to 2 hands 1 angulas 

Near this plane there is a levelled square with side equal to 1 hands 1 1 angulas The 
graduations on these two circular platforms and the square are erased now. But it 
seems that earlier these were made to determine the gnomonic shadow and the 
azimuth 

The use 36 of this construction was not clear to ShrT Bapudeva SastrT It appears that 
this horizontal plane was used for determining time and zenith distances etc during 
the day. Probably, there was only one gnomon and not two as conjectured by Bapudeva 
Sastrl . It is clear that Bhitti yantra is useful for determining the zenith distances at 
transits only Before transiting the meridian, the vertical gnomon could be used to 
determine zenith distances, hour angles etc The Bhitti yantra has horizontal 
gnomon(s), while the horizontal plane had vertical gnomon(s) The plane could be 
used for all times during the day The Bhitti yantra with horizontal gnomon(s) could 
give only the zenith distances at transits, latitude of the place of observation and the 
declinations but not the time. On the other hand, the vertical gnomon on the horizon- 
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tal plane could furnish additional information about time Although latitude, zenith 
distance etc can be determined with the vertical gnomon too, the Bhitti yantra has 
its special merits in that it gives the zenith distance directly and, if used daily, can 
furnish quite accurate values of declination of the Sun and the latitude of the place of 
observation 

There were also two circles and a square This construction too is quite confusing It 
apears that circles were drawn for observing the planets or the stars at the time of 
their using or setting, to know the azimuthal angle at that time. Circles could also be 
used to observe the Sun every day at the time of rising or setting and thus determine 
the declination and the length of the tropical solar year A stick or a tube through the 
centre of the circle was used to record the position of the celestial body on the hori- 
zon. Such expenments are discussed in Surya-prajhapti (as also shown in Fig 11 1 ) 
and also later by Bhaskaracarya and others Probably, earlier , the circle had a smaller 
size, and so another bigger circle was drawn to get more accurate results The square 
structure seems to be the result of drawing north-south and east-west lines as refer- 
ence line for the parallel directions Probably, this square was circumscribed by a 
circle which was used for the observations on the horizon We cannot think of any 
other feasible explanation for all of them as a single unit or compositie instrument but 
there is no doubt these were Sulba-sutra like devices for observing achromcal risings 
of stars etc. 

3. Yantra Samrat 

Towards north of the Bhitti yantra somewhat in the eastern part there is another big 
instrument called Yantra Samrat. This has a gnomon wall which is set in the pre- 
cisely determined north-south direction and is made up of limebrick stones. This is 3 
hands in thickness and 24 hands in length. Its upper part is slanting, made up of 
stones and points towards Polaris In the south the root side is 4 Yz hands in height 
and on the front side in the north it is 15 hands less 3 ahgulas in height. It has 
ladders in between On the eastern and western sides there are two stony arcs with 
radii 6 hands and somewhat more than a quadrant each in size These have breadth 
somewhat less than 4 hands and their thickness is 9Vz angulas. Their centres lie on 
the sahkupalis (the edges of the gnomon wall) On each arc there are quadrants 
which on edges have divisions in 15 equal ghatis. Each division is further graduated 
in uniform six subdivisions which are somewhat less than an ahgula in measure. On 
the sahkupalis (on both edges of the gnomon wall) there are two small iron nngs, 
whose centres coincide with the centres of the capa-palis (the edges of the arcs) In 
this instrument, dunng day time, time can be read in degrees from the top of the 
gnomon upto the shadow on the capa-pdli (in units of g'/ia/i- timings or the nata- 
ghatis). If the shadow of the gnomon falls on the western side then take these (nata- 
ghatis) to be the time left for midday and if the shadow falls on the eastern side then 
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take these to be the time past midday. In order to see keenly the shadow from nearby 
positions there are stony steps by the side of both the arcs. But now because of 
excessive weights, the arcs are little inclined from the actual positions near the termi- 
nal edges So in these parts the shadow gives time which is somewhat erroneous. 



Fig. 11.3. 

The shadow of the Sankupali from the Moon is not so clear as it is from the Sun 
Moreoever the planets and stars do not produce shadow at all, so how the hour 
angles of the planets Mars etc. and those of stars can be determined with the help of 
this instrument? This is explained from what follows ■ 

Construct a fine, narrow and exactly straight tube from a metal. Place one of its ends 
on the edge of the arc ana the other end on the Sankupali in such a way so that the 
planet or the star whose hour angle Is to be determined is visible through the hole of 
the tube by tfstemg the eye below a capa-pali. This way from the point of contact of 
the tube on the capa-pafi the hour angle is evidently determined. From the point of 
contact of the tube with the Sankupali upto the centre pf the capa-pali is the tangent 
line of the declination of the planet or the star. In Fig. 11.3 the Samrat Yantra is 
shown. Here L is the point where the tube touches the iankupali and H is the centre 
of chapa-pali where there is an iron ring. The other end of the tube is at K. LH is the 
tangent line of declination (8) of the star. VH is the radius of the circular arcs and 
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Z HVL = 5. It is clear that the reading of the point K gives the hour angle. It is clear 
that the declination is given by 

8 = tan -1 -^£L 
VL 

It may also be remarked that the author of this text 35 claims that Sawai Jai Singh 
using that big masonary Bhitti yantra determined the obliquity of ecliptic to be 23° 28' 
which is very much accurate a value in comparison with the values prevalent in the 
literature and accepted by astronomers at that time It may be pointed out that Sawai's 
yantra being a big scale instrument could yield so accurate a value, better than even 
Bhitti yantra of Prof. Flamsteed (1st Royal astronomer of England) in Greenwich 
could furnish at that time. 

In order to find the visuvakala (right ascension expressed in units of time) of a star 
with the help oiSamrat Yantra proceed as follows : 

1. At the time of sun-set note down the hour angle H' s of the Sun and after sun-set 
note down the time t, the star X takes to be just visible In the diagram (Fig 1 1 4) S, 
and S 2 are the positions of Sun on its diurnal path at the time of setting and at the 
time of star being visible (The diurnal path of the Sun is not shown here) 

Here in fact t must include also the angle traversed by the Sun due to its apparent 
motion during this time y is the vernal equinox, P is the pole of celestial equator and 
PM is the meridian of the place of observation, D is the culminating point of ecliptic 
(intersection of ecliptic with the meridian towards zenith side). D is usually referred to 
as daSama-lagna in the traditional Indian astronomical terminology 



At the time of observation of the star, the hour angle of the sun H s = H' s + 1. 
Also visuvakala of the Sun = V s . 

Thus the visuvakala of the datama-lagna is V n = V.+ H c . 

U S 5 
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If the hour angle of the star X is measured to be H then it is evident that the visuvakala 
of the star V x = V D ± H 

It is clear that if the star is towards west of da&ama-lagna then H Is to be subtracted 
from V D Thus knowing the visuvakala, one can convert it to degrees to get right 
ascension of the star 

4 Nadimandala (Equinoctial circle) 

There is set another stony instrument called Nadimandala towards eastern direction 
Its plane lies in the plane of equator On northern side of it there is made a circle, 
whose diameter is 3 hands 2 angulas. It is divided in four parts by vertical and 
horizontal lines Each quadrant is graduated with 90 degrees. At the centre of this 
circle there is an iron peg pointing towards the Polaris. From the shadow of this rod, 
when the Sun or the naksatra is in the northern hemisphere, its hour angle is known 
Also the south-facing side of this instrument has a circle with diameter equal to 
1 hand 13 angulas. This too like the north-facing side is divided into quadrants by 
vertical and horizontal lines and graduated in degrees. This circle indicates the hour 
angle of the naksatra or the Sun in the southern hemisphere 

5 Cakrayantra 

Near this very instrument there is Cakra yantra. It lies in between two wails. It is 
made of iron and is capable of rotating On the outer periphery, there is covering with 
copper-foil. Its diameter is towards Polaris The periphery is 3 angulas broad and % 
angula in thickness On edges it is graduated in degrees and each degree is further 
divided into four equal parts. There is a patti (tube device) made up of copper It is 3 
angulas broad and passes through the peg at the centre. The same has a thread with 
a mark (Index) in the middle 

To know the declination of a planet or star with the help of this, move the instrument 
and the patti in such a way that the celestial body, whose declination is to be deter- 
mined is visible along the thread to the eye placed below {he patti. From the diameter 
perpendicular to the one facing the pole, the degrees on the periphery upon the patti 
is the declination of the planet or the star. 

In this very instrument there were base circles etc. for determining hour angles of 
planets and stars, but these have been erased now. The patti is bent so with the help 
of this as described above, the declination cannot be determined correctly. This in- 
strument is somewhat similar to meridian circle or transit instrument of present times, 
which is fitted with a telescope instead of a Vedhapatti and is set always in meridian 
for observations at transits only. 

As has been already remarked, there exists an English version of the Kali Manamandira 
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Vedhalaya Vamanam by Bapudeva Sastri. It has some more or somewhat different de- 
tails 37 In the discussion of Cakra yantra more information is given in the English 
exposition indicating that the breadth of the circle was 2 feet and 1 inch thick, faced 
with a plate of brass ^ inches in thickness. Thus, there are more or somewhat 
different details in the English exposition. Probably, the English exposition was wntten 
later, having measured the dimensions more precisely, but the date of compilation of 
first edition of the English text is not known. 



Fig. 11.5 

Now, let us come to those points which are not clarified by Bapudeva Sastri. In the 
discussion on Cakra yantra he has mentioned that there were some base circles 
which were lost or broken. These circles were provided with this instrument in order 
to determine the hour angles etc. of planets and stars. Probably, they were the merid- 
ian and the equator with proper graduations. It is clear that the reading on the equator 
from its point of contact with the meridian upto the pattl pointing towards the celestial 
body gives the hour angle. Another possibility is that there might have been the ksitija 
(the horizontal circle of the place) and the quator. In this case the angle between the 
patti (index) and the horizontal circle is the complement of the hour angle. 

6. Digamsa yantra 

On the eastern side of this instrument there is a big Digam&a yantra (an instrument 
for knowing digam&a or azimuthal angle) At its middle there is a pillar having diam- 
eter equal to 2 hands 1 0 ahgulas and height equal to 2 1- hands. At its centre there^ is 
fixed a gnomon with a hole at its bottom (see Fig. 1 1 .6). From this pillar at a distance 
of five hands minus four ahgulas there is an enclosing (circular) wall. Its height is 
equal to that of the pillar and thickness is one hand. From this wall too somewhat 
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more than 2 hands away towards the outer side there is another enclosing wall. Its 
height is double that of the first one and the breadth is 1 j hands The upper sides of 
both the walls are graduated in directions and degrees On the outer wall there are 
pivoted iron pegs in the four directions. 




Fig 11.6 

The instrument of this type is used to find the azimuth. A thread is fastened to the 
eastern and western pegs and another one to the similar pegs fixed at the north and 
the south points. The two threads intersect at the centre of the pillar in the middle. 
Then a third thread is fastened tight to the centre at the pillar, the other end of this 
straightened thread is moved in such a way that the planet whose azimuth is to be 
determined and the intersection of the two threads are along the third thread as seen 
by placing eye on the outer edge of the middle wall This way the azimuth of the planet 
is the angle measuring as many degrees as there are on the edge of the outer wall 
from the east or west point upto the third thread. 

Besides these there is another small Bhitu yantra and a small Samrat yantra , 38 
There was another Nadimandala which is not mentioned in the Sanskrit text but is 
described in the English exposition by Bapudeva §astri Also there was a big quadrant- 
Turiya yantra made up of massive stone with very precise fine graduations Burrow 
witnessed and praised the workmanship in the 18th century. 39 This instrument is not 
at all mentioned by Bapudeva Sastri. Where has it gone now ? No one knows These 
are the only instruments which we have come to know of in Mana mandira observatory 
of KaST. 
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UJJ AIN OBSERVATORY 

In Ujjain observatory there are the following instruments of the above type • (a) 
Samrat yantra; (b) NadTvalaya yantra, (c) Digamsa yantra; and (d) Yamyottarabhitti yantra 

The Digamsa yantra is in ruined condition I n Nadivalaya yantra the graduations are 
in bad condition The Samrat yantra is also in skeleton. In Yamyottarabhitti yantra 
too, the graduations have disappeared. The bhitti is inclined at 5° to the vertical and 
is much dilapidated There is a flight of steps leading to narrow platform at the top 
The constructions of this yantra and other yantras are basically the same as in Varanasi, 
although the dimensions differ 


DELHI OBSERVATORY 
In Delhi, there are mainly the following instruments : 

1 . It is Samrat yantra similar to the one in Varanasi but has also a Sastamia yantra 
which is a large graduated arc of 60°, built in the plane of the meridian Through an 
orifice, Sun while transiting the meridian, shines on the arc indicating its meridian 
altitude At the top of the triangular gnomon there was a circular pillar which was 
used for rough azimuth observations but now there is a small Sundial Before A.D 
1910, there was only a pillar as evidenced from Daniel's drawings 40 

2 Jai Prakaia yantra 

The observatory of KasT has no Jai Prakaia yantra and Rama yantra which too were 
the inventions by Maharaja Jai Singh Delhi observatory has these instruments. Here 
we give the details of Jai Prakaia yantra 41 which was called Crest Jewel or Yantra 
iiromam by Pandit Samrart Jagannatha. This is an armillary sphere cut into two by 
plane of the honzon, only the upper part being kept as it is the only portion visible to 
us. It consists of a concave hemisphere dug in the ground (See Fig 11. 7). The rim 
represents the horizon of the place of observation and is graduated in degrees and 
minutes. Here EW and NS are east-west and north-south lines cutting at C NPS is 
the mendian passing through the zenith of the place of observation and the north 
south points Here P represents the south Pole. With P as centre and radii n/2 ± e (e 
being obliquity of the ecliptic) draw two circles. These will evidently represent the 
circles described by the ecliptic around the pole. Both these are marked in signs 
{rails), degrees, minutes, and seconds. On these circles mark points indicating posi- 
tions of 12 raiis representing their rising from west to east. Taking these as centres 
draw 12 circles which will represent 12 positions of the Sun in rails on the ecliptic. 
With the lowest point of the hemisphere as centre and spherical radii 6°, 12°, 18°, 
..90° describe 15 circles, the topmost one being the horizon. Through O draw sixty 
circles of azimuth and a hole is made at the section of the pattis at C of the bowl The 
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rays of the Sun fall through this hole inside the hemisphere and revolve as the Sun 
describes diurnal motion At all instants its position can be directly read from the 
graduations. In the hemisphere, the paths are dug out for observer to go inside the 
hemisphere for taking readings Since the dug portions can not have graduations, 
there is made another complementary hemisphere in which the part dug in the 1 st 
hemisphere is not dug, instead have graduations and whichever parts are graduated 
in 1 st one, are dug in the second hemisphere. Thus with the help of two complemen- 
tary hemispheres, position can be read for any instant The duplicate Jai PrakaSa 
yantras in Delhi and Jaipur have five passages each 



O 


Fig 11 7 

G R Kaye 42 has speculated Berosus' Bowl to be the basis of Jai Praka&a yantra L V. 
Gurjar 43 has contradicted his view and proved the same to be baseless arguing that 
Berosus (a priest at Bel in Babylon) is not accredited with any invention of bowl-like 
device He (Kaye) himself accepts that the Berosus' bowl was not fully graduated and 
may be Jai Singh never knew of it and developed Jai Prakasa yantra independently 
In fact Jai Prakasa yantra originated from Armillary sphere described in Surya- 
siddhanta, Siddhanta Siromani and other texts of Indian astronomical tradition. 

3 Rama yantra 

This consists of a cylindrical vertical graduated wall of diameter 24 feet and 6 inches 44 
and a vertical pillar at the centre. The wall and the floor are graduated. The wall is cut 
between, for fixing rods in order to have observations of stars There is another 
complemantary identical Rama yantra which differs from the first one in graduated 
and cut passage portions of the wall. This instrument gives altitudes and azimuths of 
planets and stars. 

4 . Misra yantra 

It consists of a Samrat yantra- like structure, which has towards east and west sides 
of triangular gnomon two or mo?e non-horizontal half circles instead of quadrant arcs 
in horizontal plane These semicircles are inclined to the plane of the Delhi meridian 
at angles approximately 77 ° and 68y2° east and west, one semicircle being in the 
meridian of Greenwhich and the other in the meridian of Zurich (Germany). Thus, 
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even sitting in Delhi one can perform Samrat yantra experiments for Greenwich and 
Zurich also. 

Besides these, in Delhi Jantar Mantar there is a Bhitti yantra similar to the one in 
Ki€l Mana-mandira.The north wall ofMisra yantra is inclined to the vertical at an angle 
of 5° and is marked with a large graduated circle. This is called Karka r5Si-valaya (i e. 
circle of sign of Cancer). Latitude of Delhi is 28° 28' Since the obliquity is almost 5° 
less than this, so when Sun enters sayana (tropical) Cancer, it will shine over the 
north wall for a short penod and the shadow of the central pin fitted there will fall on 
the graduated circle, which indicates sayana karka-samkranti (transit of Sun in tropi- 
cal Cancer) There was one quardrant also, which is no more now. 

JAIPUR OBSERVATORY 

In Jaipur, the collection has a Samrat yantra, Sastyamsa yantra, Rasi-valaya yantra , 
Jai Prakasa yantra, Kapala yantra, Rama yantra, Digamsa yantra, Nadi-valaya 
yantra, Yamyottara-bhitti yantra, two big astrolabes, a Unnatamsa yantra, Cakra 
yantra, Dhruvadarsaka yantra, and a Kranti-vrtta yantra of 17 5 feet diameter 

Rasi-valaya yantra is a combination of 1 2 Samrat yantra-\\ke structure one for each 
ra&i (sign). The cylindrical wall is not in the equatorial plane, instead it is in the plane 
of the respective raii.Kapalayantra is a hemisphencal bowl similarto the Jai Praka&a 
yantra but it is used for studying rising rasis, knowing time, azimuth, longitude, lagna 
etc. 45 Unnatam&a yantra (altitude instrument) is made up of metal and is used to 
determine altitudes of heavenly bodies. In Jaipur observatory it is made up of circular 
metal of 18 ft diameter graduated to 1/1 Oth parts of a degree The circle can be 
rotated about its vertical diameter. A pointer was attached to a hole at its centre The 
instrument is fixed at an elevation so that readings can be taken by standing at any 
point. The Dhruva-darSaka yantra is a triangular gnomon of sand stone with eleva- 
tion = 27°.The north face is at right angles to the base Such an instrument was a big 
help to astronomers, navigators in determining directions, in setting instruments and 
in knowing local mean time with the help of dhruva-matsya (polar fish) Garret et 
al. 46 described all instruments in Jaipur observatory with good drawings in details. 

Kranti-vrtta 

This was an instrument which could give celestial longitudes and latitudes of heavely 
bodies directly. It consists of a masonary pillar with north face fitted with a circular 
stone in the plane of equator (see Fig. 1 1 .8). There is a brass pin P at its centre to 
which a metal frame work is attached. The metal frame consists of two inclined brass 
circles APB and BQA' which represent equator and ecliptic. The inclination was taken 
to be 23°27‘ at that time 47 The metal frame-work can be rotated around the pin P and 
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the angle of rotation can be measured by a pointer moving over the circumference of 
the circular stone graduated in signs, degrees, and minutes The ecliptic circle is 
fitted with two quardrants at right angles to the plane of BQA' with a bar whose centre 
passes through a pin at Q The bar AA 1 can be rotated freely about Q. The two 
quardrants too can rotate about the bar BA 1 . These are graduated in degrees and 
minutes and fitted with sighting bars. Note that AA' points towards solstices. The 
quardrant at A 1 , when rotated to see the heavenly body with the help of the sighting 
rod makes a certain angle a with AA'.Then 90° + a or 90° - a gives the longitude and 
the sighting bar gives the latitude This instrument is found in dilapidated condition in 
Jaipur observatory. 



Astrolabes 

In addition to the instruments discussed in the previous sections, we also find astro- 
labes of different sizes in repositories of Sawai Jai Singh's observatories. Earlier 
Mahendra Su ri (A.D. 1 370) wrote a text on the subject "Yantra-raja" 48 . It is believed that 
Arabs developed astrolabes but there is no doubt that several excellent astrolabes of 
improved designs were produced in India after the tradition of Central and West Asia. 

(I) The principle of construction of this sophisticated instrument is based on 
stereographic projection of celestial circles on a plane.This is a conformal mapping in 
which angles are preserved. All circles in the sphere project into circles except those 
which pass through the point of projection, latter ones project into straight lines. 
Astrolabe is generally made up of a metal plate on which two perpendicular diam- 
eters are carved. In the figure given below (Fig. 11.9) there are SN and EW repre- 
senting the south-north and east-west directions. The circle NWSE with centre C is 
taken to represent the circle of tropic of Capricorn. Take a point R such that SCR = e = 
the obliquity of ecliptic. Join CR and ER cutting CS in X. With C as centre and CX as 
radius, draw a circle, which will represent equator. If Y is the point of intersection of 
this with CR and A with WE, join A and Y cutting CS in V. With C as centre and 
radius = CV describe a circle. This circle will stand for tropic of Cancer. 
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Let us see how the other circles can be drawn using the basic three properties 49 of 
stereographic projection. Here all the drawings could not be plotted in the figure but 
one can understand the details of drawings from the following . 


(II) Let B be the point of intersection of EW and equatorial circle. 50 Let BC, = 0 the 
latitude of the place towards north. Join AC,, cutting NS in P, (say), the point P, is 
called first point. Take an arc AC 2 = 6, so that C 2 is diametrically opposite to C, Join 
AC 2 cutting NS in P 2 (say). The point P 2 is called second point On P,P 2 as diameter, 
draw a circle which will represent the horizon of the place of observation. 


(Ill) To draw parallel of altitude a, take C,I = a, towards S, and point J so that C 2 J = 
0,1. Join AI and AJ cutting NS in K and L respectively. On LK as diameter draw a 
circle which will represent the parallel of altitude. 

If AC = r e then it can be shown that the radius r of the parallel of altitude 'a' is given 
by : (using the projection geometry) 


r cos a 

LK = — 1 — ~ - 
(sin 0 + sin a) 


The mid point of LK will be the zenith of the place of observation. 
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(IV) To draw prime vertical, take arc XM = 0 towards W. Join AM cutting NS at Z,. If 
N 1 is the point, where equator cuts NS, take arc N t O = 0. Join C,0, produce it to meet 
NS in Z 2 The circle drawn with diameter Z 1 Z 2 will be the prime vertical. It can be 
shown that, 


Z,Z 2 = 2 r s sec 0 

Thus the radius of the prime vertical is r e sec 6. Angle is 0 the point is P, (Fig. 
119 (b)) Here P, is the centre of prime vertical, and CP, = r # tan 0 

(V) Since the latitude of the place is equal to the declination of its zenith, the lines 
joining intersections of horizon and NS with the divisions of equator will give us gradu- 
ations of the prime vertical. 

(VI) To draw digvalayas (azimuth circles) draw circles through graduations of horizon, 
zenith and nadir The centres of all such circles will lie on a line through P, and 
parallel to EW If ^RZj be or/e of the azimuth circles corresponding to the azimuth 
angle A and C‘ be its centre then Z OCZ, = A. The distance of the centre C' from Z, 
is C‘Z, =i r e sec 0 cosec A 

(VII) In order to draw hour circles make equal divisions of tropics of Capricorn and 

Cancer and equator Mark these (1), (2), (3) (12) on each of these, with (1) of 

equator as centre draw a circle (a,) through (1) of Cancer and with (1) of Capricorn 
as centre and same radius draw another circle (P, ) to cut (a, ).Take (1 ) of cancer and 
same radius draw a circle (y,) The lines joining the points of intersection (a,), (p,) 
and (y,) will intersect at a point which is the centre of 1st hour circle With this as 
centre draw a circle through (1) of the tropics and equator. This is the 1st hour circle. 
Similarly all the twelve circles can be drawn 

(VIII) The equator can be graduated in regular hours (= 1/24th of a day) divisions by 
dividing the same in equal parts and drawing 24 radiating straight lines from Pole to 
the points of divisions. 


(IX) It can be shown that in this mapping diameter of ecliptic = — + y c 

where r e and r c are radii of equator and tropic of Capricorn In the figure VN is the 
diameter of the ecliptic. Within this the circles are to be drawn as discussed above. 
Such a diameter disc at the Pole is to be taken as the ecliptic One thread passing 
through the Pole of the ecliptic (e= 23° 27' from pole along the meridian) with its 
other end moving on the graduations, gives the divisions on the ecliptic wherever it 
cuts the ecliptic 
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Knowing the ecliptic and equatorial coordinates of planets and stars, their positions 
can be fixed on the disc From east point towards north-south of equator mark a point 
at angular distance equal to the declination of the celestial body Join it to the south of 
equator Mark its intersection with EW (produced if necessary) as T Describe a 
circle with pole as centre and radius = distance between pole and the point I This is 
the ecliptic, indicating its ecliptic distance from nearest equinox. Join pole and this 
point, wherever this line cuts the parallel of declination, is the position of the celestial 
body 

Alternatively one also uses horizon at 66° 33' N and digvalayas This horizon is the 
ecliptic and the digvalayas are great circles passing through the Pole of ecliptic Mark 
the celestial latitude on the perpendicular circle which passes through graduation, 
representing the position of the body on the ecliptic This point is the position of the 
body. 

This instrument serves the purpose of solving problems involving relations between 
azimuth, altitude, latitude, longitude, time and positions in a very handy way At its 
back is fitted a sighting bar with which only the altitude is to be noted Using only this 
single observation, the instrument serves as a calculator like a slide rule. 

There is no doubt that such instruments are common in India and Arab countries, but 
the accuracy and ease in Jai Singh's designs of astrolabes were remarkable The 
Yantra raja of Jai Singh is not found in any collection of astrolabes in foreign muse- 
ums. One has to study the available literature on the topic for any conclusive infer- 
ences regarding the originality of the Hindus in the field of astrolabe-making S1 

It may be pointed out that there are some astrolabes available in Arabic and also in 
Devanagari script The astrolabes of Jai Singh Sawai are preserved in Jaipur observa- 
tory. Probably the astrolabes of Delhi observatory might have been removed to Jaipur 
or some other place at the time of invasion by Nadir in A.D. 1739. There is no doubt 
that the collection does not have all astrolabes of Jai Singh Sawai. The number of 
such astrolabes in Devaridgan was more than thirteen 52 R. Burrow in A D 1790, 
witnessed an astrolabe in Devanagari which is not available now. 53 Also G R. Kaye 
was shown some brass astrolabes prepared under the scholarship of Jai Singh Sawai 
In 1864 in Lahore exhibition there were some astrolabes from Kapurthala. 54 The 
museum at Calcutta and Lahore had astrolabes in Devanagari in early 20th century 
Thus we believe, that there were quite many astrolabes in Devanagari script Jaipur 
collection has astrolabe of Shah Jahan's time (dated A.D. 1657) and astrolabe of the 
time of Aurangzeb (dated A.D 1680). This collection has two big astrolabes. In Red 
Fort Museum at Delhi there are few astrolabes. One astrolabe is dated 16th century 
A.D. The other one of A D. 1 637" was made by Mr Muhamad Mukhim, grandson of 
Shekha Alla-Hadadi, son of Mr Mulla Isa of Lahore. In Indian traditional astrolabes 
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important parts referred to are - (1 ) Aksapatra which differs from latitude to latitude. 
(2) Bhapatra which is same for all places. In two of the astrolabes of Jai Singh, there 
are 7 aksapatras on both sides for latitudes from Delhi to Kashmir In one of the 
astrolabes there is no bhapatra and one has to rotate the vedhapatti conjoint with 
ecliptic Thus this one is of inferior type as regards its operation. In the other ones, 
the pointer can directly tell daiamalagna etc The astrolabes of Arabic origin too have 
in general both the plates (Fig 1110) 



Fig. 11.10 


In Devanagari characters, there are lankodayas (intervals for rising of signs) en- 
graved on bhapatra which are characteristics of Indian tradition. Also there are 27 
asterisms in Sanskrit names. These markings are in Indian traditional style, and differ 
from Arabic or Persian engravings on astrolabes, preserved in American Institute of 
Researches on History of Science in Cario and in Museum at Greenwich 

The 48 divisions of sky were used by Ptolemy but the astrolabes of Jai Singh used as 
many as 1 08 divisions like Arabic astrolabes. Jai Singh Sawai corrected the positions 
of 1 029 stars which were quite accurate according to the standards of those times but 
not so accurate as in Nautical Almanac these days It may be remarked that Jai Singh 
used Indian ayanamta (angle of precession) of Surya-siddhanta unlike the Arabic 
traditions of Ptolemaic origin Tne value of ayanamSa used is 23° as it appeared but 
it could not be decided finally. In spite of all these deviations, the astrolabes of Jai 
Singh Sawai were flat astrolabes (Astrolabium plamsphaerum orzaf-af-sa/oiA).These 
have thin discs (tablets) marked with digamSas (azimuths), nata-vrttas (hour circles) 
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etc The chunchu (pointer) (Fig 11.11) and the graduated circle form the important 
parts used in observatories while the tablets and rotating ankabut, the graduated 
circle etc form an efficient machine which differs much in details in Arabic and Indian 
astrolabes. The observational parts do not differ much.The markings on the circles in 
Hindu astrolabes are as in Muslim ones in general, but the large astrolabes of Jaipur 
have finer graduations. 



Fig 11 11 

It is to be pointed out that Indian astrolabes do have their specialities in markings (like 
in lankodayas rising of signs etc ) and different styles in workmanship. For compan- 
son all astrolabes of essentially Hindu tradition must be studied for final conclusions 
It may be remarked that in India there are no astrolabes of much antiquity available 
anywhere. Even we do not find astrolabes of the times of Mahendra Suri or other 
authorities on astrolabe-making before the time of Jai Singh The instruments might 
have been destroyed or taken off during invasions We do not hope to find any old 
ones and under these circumstances, the only way is that we study the works of 
Mahendra Sun etc. and compare it with the features of astrolabes.of Arabic and Euro- 
pean origins. Also the comparison of existing instruments in a quantitative fashion will 
reveal the originality in the features of these instruments. 

The observatory at Mathura 55 was located on the banks of Yamunl. Jai Singh Sawai, a 
staunch devotee of Lord Krsna usually visited Mathura and built a temple of Lord Krsna. 
For observatory, he chose a fort built by his ancestor Raja Mana Singh of Amber (end 
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of 16th century A D). Due to attacks by religious fanatics there are not even debris of 
the VedhaSala (observatory) there This observatory had Laghu-Samrat yantra, 
Dhupaghati (Sun dial), Yamyottara-bhitti yantra (Meridian wall). Here yantras were 
of smaller size, in comparison with the similar ones in Jaipur The last remains of the 
Vedhasala were put to oblivion in A D 1 857, when Jyoti Prasad, a contractor bought 
the fort and demolished every bit of the VedhaSala. 


NOTES AND REFERENCES 

1 Surya-prajHapti, Prabhrta 9, gives elapsed time Of the day in units Of purusas 

2 Surya-prajhapti (S P) ( Prabhrta 1 , Prabhita— Prabhrta 2) gives details of these experiments for daily 
observations of rising of Sun and thus determining length of the solar year The Katiya hulba-sUtra and 
Jyotisakarandaka too mention such experiments (Details in S P will occur in commentary on the 
same by S D Sharma) 

3 Earliest gnomomc experiments in Indian astronomical traditions are indicated in Aitareya-Brahmana 
(P C Sengupta in Ancient Indian Chronology) Also refer to Appendix 5-C of Report of Calendar Reform 
Committee , Government of India (1955) Surya-siddhanta in grahayutyadhikdra (Slokas 15-17) men- 
tions use of two gnomons, thread & mirror 

4 Vedanga-Jyotisa mentions the amount of water to be added everyday to compensate for day light 

5 It is interesting to note that Jyotisakarandaka , a Prakrta text, gives details of water equivalent to a 
muhurta and it gives minutest details for preparing a balance for weighing water 

6 Gnomomc experiments on Moon's shadow are reported in the first few Slokas of Atharva Vedanga- 
Jyotisa 

7 Mathur 

8 Surya-siddhanta , Bhugoladhyaya , with Vijnana-bhasya by Mahavira Prasad Srivastava. 

9 The word ’Wa" got used for gnomon (vertical stick) because this evolved from observations of 
shadow of man [nara) himself 

10 Satdula karanavadana mentions use of 7 anguias gnomon, but in all other astronomical works 12 
angulas Sanku (gnomon) got into use 

11 Siddhdnta-sir omam, Yantradhyaya 

12 Bharatiya Jyotisa by Shankara Bala Krishna Dixit, translated in Hindi by Sivanath Jharkhandi 1 963, pp 457 

13 It may pointed out that some scholars like Kuppanna $astri think this text to be a forgery on the basis of 
the fact that this has some error, but the author has proved in his "Sastriya Pancanga mlmansa that this 
text too belongs to BhaskarScarya In fact Bhaskaracarya was confused because of lack of Founer like 
analysis of sinusoidal functions Bhaskar3c5rya got 6-20' as equation of centre but missed evection as 
he performed experiments at points where evection was zero but was able to find annual variation 
His correction without Munjal's made eclipses more erroneous Had he used Mural's correction, he 
would have not been confused The simultaneous use of his correction and Munjal's would have 
improved the prediction of eclipses to a better degree of accuracy 

14 Jyotiskarandaka gives details of constructing Water clock starting from melting iron and shaping to 
form the pot of required shape and then piercing a hole in it. 

15 Siddhanta-siromam of BhSskaracarya, Yantradhyaya, slokas 48-49 

16 Surya-siddhanta has technique Of observing planets in water Graha-yutyadhihara, slokas 1 5-20 and in 
all other standard treatises too we have similar practical methods Kamalakara in his Siddhantatattva- 
viveka has discussed phenomenon of reflection of light in much details on physical grounds It may be 
remarked that law of equality of angles of incidence and reflection was utilised in the practical meth- 
ods in the sense that the equal bhuja and koti for the planet and its image were taken with the sign of 
bhuja (x-coordinate) changed 

17 Sharma (S D ) (3) In one of the manuscripts produced by the author, it is mentioned "the details of 
the Pratodayantra designed by GaneSa and here in chapter on instruments in Siddhanta-sarvabhauma 
which shows that this instrument was invented by Ganes a Daivajfia and included by Munlsvara in his 
treatise 

18 Panditashram of SravanaV 1959 (A D 1902) 
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19 Surya-siddhanta, yutyadhikdra, slokas 1 5-17 

20 ‘Atharva Vedanga-Jyotisa" published by Pitmbara Peetha ThetoAas in the beginning of this text define 
muhurtas dunng night on the basis of Moon's shadow (probably on Purnims day) 

Dikshit (4), Hindi trans, p 355. 

Mathur, 'Onginof Observatones in India' 
ehsvan, A guide to observatories to India (in Hindi) 

Kaye (4), 9-10 

Hunter (3), 177 ff Also see chapter 1 1 by Ansari 
Mathur, 'Ongin of Observatories in India' 

See Kaye (8) 

Kaye (4) Oh V on "Hindu Metal Instruments", pp 31-34 
See SsdlllofsproZegomenes des tables astronomiques d'ouloug Beg, P C XXXIX 
Preface in Zij-i Mohammad Shahi Available in Sansknt and Persian versions See also ‘Jai Singh and 
his zij-i-Muhammad shahi* paper by virendra sharma, presented in Conference of South Asian Studies, 
University of Wisconsin, Oct 1 979 The above extract is from a paper by Hunter, Astatic Researches, 5 
(1799) 

Sir Robert Barker left India in A D 1773 Mr Champbell, Chief Engineer of East India Company, 
prepared detailed drawings for him in 1 772-73 The Observatory was built in 1 737 

SastrT, BSpudeva, Kashi Marta mandira Vedhdlaya Vamanam 
Kaye, 61-68 A guide to Observatones in India, BhSvan 
Kaye (4), 61-66 
SistrT, BSpudeva, 22 ff 
See ref 35, pp 34-35 
Sastri, Bapudeva, ManS-mandira Observatory 
For details, see Ref 35, pp 26-27. 

British Museum papers of nght honourable Warren Hastings the 1st Governor General of Bengal, 
1745-85 (See also ref 35, Introduction, p 5) 

Kaye (8), 34. 

Gurjar, Ancient Indian Mathematics and Vedha 
Kaye (8) 

Gurjar, 186-87 

"Stone Observatones of India" by Prahlad Singh (Bharata MamsS, D28/171 Pande Havelt Varanasi), pp 
168-169. 

Refer 44, 192. 

Garret, Gulen and Chandradhar 
This value of obliquity was found by Sawai. Jai Singh 

Yantra-raja of Mahendra son with commentary by Malayendu Sun, edited by Krishna Shanker Keshava 
Ram Racqua, Nuanaya Sagar Press, Bombay (1 936) 

"Stereographic projections" by B A Rosenfield & N D. Sergeva, Translation from Russian by Vitaly 
Kisin M I.R Publication, Moscow (1977) 

Refer 41, pp. 191-197. 

Some of the more relevant texts in Sansknt are (a) Yantra-rtsja-ghatans by Mathursnsth (Around A D 
1813); (b) Yantra-raja TM by Yajneswara (A D. 1842), (c) Yantra-raja Vasana by Yajnes'wara (A D 
1 842), (d) Yantra-rdjopayogi Chhedyaka by BSpudeva Sastri (A D 1 9th), (e) Yantra-raja Roc’ ana and also 
Vedhavidhi, under the supervision of Sawai Jai Singh, published by Rajasthan-purS-tattva Mandira Jaipur 
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1 2 INTRODUCTION OF MODERN WESTERN 

ASTRONOMY IN INDIA DURING 
18-19 CENTURIES 


S. M RAZAULLAH ANSARI 


1. INTRODUCTION 
1 .1 . ANCIENT INDIAN ASTRONOMY 

The great antiquity of astronomical activity in India is quite a well-known fact of his- 
tory According to one account 1 astronomical calendar calculations existed presum- 
ably as early as the 14th century B.C Even if one does not agree with this date, it is 
fairly known today that ancient Indian astronomers were familier with the calendric 
astronomy 2 in the period * 1300 B C to A D 300. 3 In any case it is well established 
that Indian calendric astronomy was developed further into the planetary astronomy 
in the first few centuries of the Christian era when Sanskrit astronomical treatises, 
the siddhantas, were compiled Out of the five siddhantas as reviewed by Varahamihira 
(6th century A.D ), 4 a late version of one of them, the Surya-siddhanta, is still extant 
today 5 The astronomical tables as compiled in ancient India® were therefore based, 
besides on observation, 7 also on the modified pre-Ptolemaic rather Indian epicyclic- 
eccentric model of the planetary motion as described and further developed in those 
treatises and their commentaries.® 


1.2. EARLY INDIAN OBSERVATORIES 

The history of the establishment of early astronomical observatories 9 in India has not 
been worked out in detail The following references may be quoted here from litera- 
ture 10 

(i) According to the first Mughal King of India, Babur (1483-1530), observatories 

existed in the cities of Ujjain and Dahar Employing Babur's remarks the observatory at 

Ujjain is estimated to be extant in the first century B.C This period may be an 

over-estimation, though not impossible After all Ujjain was the Greenwich of India 
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from ancient times, even known to Greeks as ofjyv'n and to West-Asian Islamic 
astronomers as the cupola of the earth ( qubbatul ard) 

<n) 'Abd Al-Rashld AI-YaqutT (1 5th century) reported an observatory in the city of Jajili 

(hi) 'Abdullah ShukrT Al-Qunawi (16th century) reported also an observatory at al- 
Kankadaz or al-Dharkanak. These cities have not been identified so far, and no 
remains of those observatories exist today We may mention that in the West-Asian 
astronomical literature, Kanak-dar is said to be the location somewhere in the Far 
East of Arabia corresponding to the “Longitude Zero". One may identify it with Ujjam 

(iv) Maharaja Swai Jai Singh II (1686-1743) of Ambar was commissioned by Emperor 
Muhammad Shah (reigned 1719-1748) to build a number of observatories Jai Singh 
got constructed five observatories at Delhi (1724/28), Jaipur (1734), Banaras (1737), 
Ujjain and Mathura 11 12 .The last one is no longer extant In these observatories are 
extant even today masonry and metal instruments (of pre-telescopic era), which were 
constructed according to Ulugh Beg’s school of astronomy at Samarqand, 13 as also 
those which were of Jai Singh's own invention, as claimed by him in Zij-i Muhammad 
Shaki (hereafter referred as ZMS, and with folios of Aligarh manuscript) Here, how- 
ever, we shall not be concerned with that aspect of Jai Singh's astronomy 14 What is 
more significant than the above-mentioned instruments is the work of Jai Singh from 
the standpoint of modern post-telescopic observational astronomy It is not widely 
known that Jai Singh did make use of a telescope and with its help earned out some 
observations. 


1.3. JAI SINGH'S RECEPTION OF EUROPEAN ASTRONOMY 
1 .3.1 The Use of Telescope 

In the text of his Zij, Jai Singh clearly states that “telescopes are constructed in my 
kingdom" and he enumerates the following observations carried out with their help. 15 , 

(i) the ellipticity of the orbits of the Moon and the Sun; 

(ii) the phases of Mercury and Venus; 

(ill) the existence of sunspots and their rotation, 

(iv) the four satellites of Jupiter; 

(v) the ellipsoidal shape of Saturn, and 

(vi) the slight motion of the "fixed" stars, with different velocities 

We have compared several manuscripts of ZMS, extant at Tashkent, British Museum, 
Cambndge, Aligarh, Bombay, Jaipur, Lahore, Tonk, Delhi and Bankipore (Patna), and 
have found that in all those manuscripts the above-mentioned particular passage is 
given. Till to-date in only one manuscript of ZMS 16 that passage is not given One 
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would like to conjecture that it was copied from the "first" edition of ZMS compiled 
before 1728-29 when Jai Singh sent an embassy to Portugal 1 In fact such a manu- 
script of ZMS, circa 1727 is supposed to be extant in Sipah Salar Library, Tehran 17 

As a matter of fact, the use of telescope in the middle of the 18th century for astro- 
nomical purpose is hardly surprising, since historical records show that European 
telescopes were available in India as early as 17th century In the first quarter of the 
seventeenth century, prospectives, 16 i e telescopes, were presented to Emperor 
Jahangir (reigned 1605-27) by SirThomas Roe. Thereafter it became a general prac- 
tice for the Mughal nobility to get telescopes as presents. 19 

It may also be noted that a telescope ( durbin ), as a kind of spectacles used by 
boatmen and also for reconnaissance of enemy's army, was already known to some 
Indian compilers of Persian dictionaries of 1 8-1 9th centuries “Thus the telescope as 
a useful instrument was already known in 17th century India and it is of course certain 
that Jesuit geographers/cartographers used them in India for carrying out astronomi- 
cal observations Since Jai Singh had developed close contacts with Jesuits in order 
to familiarize himself with the European astronomy, he sent in about 1728-29 an 
embassy of Jesuits and Indian astronomers to the then Portuguese King 21 It is highly 
probable that a telescope (besides other astronomcial books) should have been pre- 
sented to Jai Singh by the Jesuits after circa 1730 22 Consequently like Galileo, Jai 
Singh was the first Indian to use telescope for astronomical observations in India 
However, whether he used telescopic observations for the compilation of ZMS is still 
under study, to be reported elsewhere 23 

We may also mention here another evidence regarding the use of telescope namely 
the diagrams corresponding to the five observations mentioned above These dia- 
grams 24 have been found by us in a number of manuscripts, for instance the extant 
one at Lahore, Bombay, Cambridge and Bankipore/Patna, but not in the manuscript 
of British Museum. Only in one of these manuscripts (at Bombay) a selenographic 
diagram of the lunar surface is given. All of these diagrams are on the margins of 
some folios but not on the folio where the afore-mentioned five observations are 
listed 24 

We would like to digress here for a short while in order to show that some Europeans 
like Kaye have treated the Asian contribution to science from Eurocentric standpoint 
unobjectively, 25 and consequently have suppressed at times the significant informa- 
tion This is exactly the case with the use of the telescope by Jai Singh and his six 
rediscoveries mentioned before Kaye in his monograph 26 quotes the French transla- 
tion of Sayyid Ahmad Khan's work on monuments of Delhi by Garcin de Tassy in 
which those rediscoveries are clearly listed. About the observatory (Jantar Mantar) 
at Delhi it is mentioned therein ,27 
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"Dans cat observatoire il n' etait pas necessaire de fairs le calcul des divers aspects lunaires, 
du lever et du coucher des 6toiles et des maisons de la lune, parce qu'a Paide du telescope 
toutes ces choses se voient de jour" 

Kaye did not breathe out a single word about the use of telescope by Jai Singh or his 
rediscoveries On the contrary, he was of the opinion that Sayyid Ahmad's "account is 
not very reliable", and “Jai Singh's apparent indifference to European achievements 
is rather remarkable" A blatant dishonesty on the part of Kaye, who did not forget to 
mention in footnotes the European innovations ■ the aerial telescope of La Hire or the 
first mention of telescopic sights in 1667 28 

Notwithstanding the above-mentioned use of the telescope by Jai Singh, we do enter- 
tain the possibility that he employed the telescope more as a device just for observa- 
tions (mapping the planetary surface, planetary and star fields) rather than as a meas- 
uring instrument For Jai Singh it was quite natural to verify the famous Galileo's 
observations, as it had happened also m Europe According to Van Helden, 29 

"We tend to think that the full potential of the telescope as a research instrument was 
immediately apparent to Galileo and his contemporaries, this was not the case During the 
first twenty-five years of its existence the telescope remained primarily an instrument for 
terrestnal use, usually for naval or military purposes When one turned such an instrument 
to the heavens, it was usually to see for oneself the discoveries of Galileo " 

If therefore, “the astronomical telescope was not particularly popular for the first half- 
century after its invention", 30 and only “between 1650 and 1685 astronomers finally 
came to realize the full potential of the new instrument", that is, "the telescope be- 
came a full-fledged instrument which was used not only for discovery, also for meas- 
urement", 31 we cannot blame Jai Singh for not compiling his tables with the aid of the 
telescope, we do not know presently at all as to what kind of telescope "was con- 
structed" by him and which in-built defects existed in his telescopes or those presum- 
ably presented to him by the Jesuits. 

We would like to recall briefly here the optical problems and other defects in the 
refractors of the 17th century, 32 in order to understand the historical context in which 
the general development of telescope took place In that context one could then try to 
understand the limited use of the telescope by Jai Singh 

(1) The spherical or chromatic aberrations of the lenses should be mentioned first 
Those defects could be eliminated fairly well by using very long tubes 33 , but aerial 
telescopes introduced other problems as follows. 

(2) Long wooden tubes gave rise to defects like warping, shrinking or swelling. Be- 
sides, the telescope became very unwildly to mount, and to operate by means of 
rods and pulleys. A stable image in the small field of view was a problem so also 
the alignment of the objective and eye-piece lens 
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(3) Until the invention of cross-wire in the eye-piece and also of the micrometer by 
Gascoigne (1619-1644) already in 1640/41 34 the telescope could not be employed 
as an instrument of measurement, say determination of the angular distance be- 
tween two heavenly objects In fact, initially telescopes were mounted on angle- 
measuring instruments like quadrants, sextant as telescopic sights However, a good 
deal of controversy then arose about the accuracy achieved Whether the accuracy 
of measurement was more by telescopic than the open sights became debatable A 
very strong supporter of the latter was Hevelius (1611-1687) of Danzig who corre- 
sponded actively with Hooke (1 635-1 703) and between 1 676-1 679 with Astronomer 
Royal Flamsteed (1646-1720), both of whom were in favour of telescopic sights 35 
Let us take note of this stage in the development of telescope in the very person of 
Johann Hevelius ofTychomc school 

In support of open and bare sights fixed on his quardrant of 5 feet radius and some of 
6 ft he argued, 36 

“I question whether these (telescopic) Sights, so near the Eye, can discover the smallest 
Stars much more accurately than our plain Sights, which are distant from each other Six or 
Nine feet For, though by theseTelescopic Sights, one may see the object more distinctly, 
yet because they are so nigh to the Eye, one may err, more than ‘tis possible by our plain 
Sights, that are so far asunder " 

One should not forget that Hevelius himself constructed initially telescopes of less 
than 1 3 feet focus and used them for mapping the lunar surface, that work was pub- 
lished in his Selenographia in 1647 Actually later he became a great specialist in 
making long telescopes of 60, 70 feet focus and finally of 150 ft, which he described 
in his famous work Machinae Coelestis pars prior (Gedam 1673) 37 All the same he 
rejected stubbornly the use of telescopic sights altogether It is said that his claim to 
achieve an accuracy of less than 1 minute of arc for his instruments with open sights 
was admitted unbelievingly by Halley after his visit to Danzig in 1679. 38 Repsold had 
tried to explain Hevelius 1 viewpoint by assuming that he was gifted by a remarkably 
sharp eyesight and was so much accustomed with his techniques of observations, 
that he could achieve quite extraordinary accuracy of measurement Further, he used 
to have fixed stable, non-vacillating instruments ofTychomc type and his metal quad- 
rants and sextants were not less than of 3 ft 39 Thus even at the close of the 17th 
century, the telescope as a device for measurement was not completely settled. Allen 
is right when he says that the seventeenth century ideas were brought to perfection in 
the following two centuries by time and industrial revolution 40 

Keeping this historical perspective in mind, can we question Jai Singh (who was 
primarily schooled in the West-Central Asian and Indian astronomy) for not readily 
accepting the telescope as a measuring device 9 
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Let us note that Jai Singh was also motivated to build huge masonry instruments at 
his observatories due to exactly the same afore-mentioned defects in the metal or 
wooden instruments of West-Central Asian school of astronomy, viz warping, bend- 
ing, swelling etc. and because of the most important problem of mounting and stabil- 
ity. By employing masonry instruments - his wall-quadrant was of 20 ft radius and 
gnomon with vertical height of about 90 ft. - he tried to increase his accuracy consid- 
erably It is therefore quite plausible to assume that he rejected the use of telescope 
as a measuring device on scientific grounds quite objectively because of the type of 
the telescopes available to him 41 

1 .3 2. The Planetary System 

It may also be pointed out that Jai Singh's reception of European astronomy was not 
confined to just the use of telescope, but he also accepted the European emphasis 
on observations Consequently he matched the observations ( marsud ) with theory or 
calculations ( mahsub ) in contrast to his predecessors It was thus found by Jai Singh's 
astronomers that the orbits of the Sun and Moon were ellipses. But he does not state 
anywhere that the same was true for other planets Thereafter Jai Singh dealt in ZMS 
the geometry of the ellipse in detail. 42 However he stuck to the geo-centric model of 
the planetary motion despite his elliptical orbits. 43 

It may be asked why Jai Singh did not use heliocentric system when Johan Baptist 
Hoemann's Grosser Atlas uber die game Welt (Nurenberg, 1725) was available to 
him. The date of acquisition of this Atlas is 1730, the year when his delegates re- 
turned from Portugal The Atlas, still extant at Jaipur, contains charts on the plan- 
etary system of Copernicus (chart 10) and Tycho Brahe (chart 13), the Egyptian and 
Riccoli system are also drawn in the margin of chart 13. Thus the heliocentric and 
geo-heliocentric systems should have been known to him And yet he completely 
ignored it. Has the inability to appreciate or accept the new heliocentric system any 
parallel in Europe, say in the 16th century ? The answer is in affirmative. 

It has been shown by Schofield that prior to the establishment ofTychonic system (in 
1588) a number of attempts were made in favour of geo-heliocentric systems, viz by 
Erasmus Rheinhold (1 51 1 -53), Albert Lomcerus (died 1614) and Christopher Rothmann 
(16th c.). On the other hand, no less than any great scholar of his times, the French 
mathematician Frangois ViSte (1540-1603) modified Ptolemaic model by replacing 
“some epicycles and deferents by epi-ellipses and elliptical deferents". 44 As a matter 
of fact, the use of the latter specifically "as a kind of oval" is known to have been 
invented already by AI-ZarqalT (1029) in 11th century and employed in 15th century 
Europe by the expert of Arabic-lslamic astronomy George Peuerbach (1 423-61 ) 48 In 
this connection we may also recall the opinion of Dijksterhuis that the "introduction of 
the helio-centric world picture as such could not lead to greater accuracy of the plan- 
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etary tables 1146 It is therefore not surprising that "no textbook widely used in Europe in 
the 16th century expounded Copermcan theory and few even mentioned it 1,47 

If in the continent of Copernicus (1473-1543) "in the sixteenth century itself . the 
effect of his achievement was only slight and it did not begin to assume a clearer 
form until about 50 years after his death" 48 , how could one censure Jai Singh for not 
accepting the heliocentric system just by Jesuits' hearsay if at all 49 As in the context 
of the 1 6th century Europe, "immediate acceptance of Copermcan system is simply 
an unwarranted expectation by us today", 50 so also should be the case with the recep- 
tion of Copermcan system in the 18th century context of Central-West Asian and 
Indian astronomy 

2. EUROPEAN ASTRONOMY IN INDIA DURING 17th-1 9th CENTURIES 

With the invention of the telescope in Holland sometime around 1608, its utilization 
by Galileo in 1 61 0 for astronomical observations and its development later as a meas- 
uring device, European astronomy developed in the 17th century quite fast on practi- 
cal lines. That is, it was purely positional astronomy, in which both optical telescopes 
and mechanical clocks (or chronometers) were used as main instruments The dis- 
semination of that astronomy into India appears to have taken place in three stages 51 

(i) Astronomical observations of heavenly bodies by individuals, especially by the 
Jesuit astronomers and cartographers; 

(ii) Organized efforts leading to planned systematic astronomical observations; 
and 

(in) Establishment of astronomical observatories. 

In this section we show that apart from individual efforts, the systematic astronomical 
observations initiated at the close of the 18th century led to the establishment of a 
number of astronomical observatories in several famous Indian cities - Madras, Cal- 
cutta, Lucknow, Trivandrum and Poona. Excellent astronomical work comparable to 
that of any 1 9th century European observatory was done at these Indian observatones. 

2.1. EUROPEAN BACKGROUND 

During the 1 5th-1 8th centuries, astronomy was developed in Europe not only as a 
purely theoretical science, but more so on practical lines. 52 The great age of Euro- 
pean exploration of the four continents began in about the later half of the 15th cen- 
tury 53 Portugal and Spam were the first to become maritime powers. We may recall 
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here, for instance, the voyages of Columbus to America in 1492-93 and of Vasco Da 
Gama to India in 1498 Thus navigation and geography progressed hand in hand The 
requirements of that age were land maps, maps of harbours, coasts and islands 
Beginning with the use of magnetic compass, the mariners and also cartographers 
employed astronomical quadrants for the measurement of geographical latitude, fol- 
lowed by sextants, and telescopes in conjunction with chronometers 54 to measure 
both latitudes and longitudes in the 17/1 8th centuries. Already in the 16th century, 
cartography was boosted commercially in almost all European countries Map pro- 
duction, rather printing by employing copper plate engravings, became then a big 
business in Europe The following account may be noted 55 

"Queen Elizabeth saw a wave of enthusiasm for discovery sweep over England, rousing 
sailors, soldiers, merchants, persons, philosophers, poets and politicians to vie with each 
other in promoting expeditions overseas for the glory of their country and their own fame 
and profit The gallants of the courts were ready to command the expeditions for which the 
shrewd city merchants found the means 

It was also reported that the “European market was full of printed charts, sea atlases, 
globes, wall maps, town plans, views and above all atlas maps" 56 It is therefore 
natural that commerce and navigation reinforced each other in the 17/1 8th century 
Europe. However, for good mapping one required accurate geographical coordinates 
the latitude and longitude, 57 which were determined astronomically by the observa- 
tions of Sun, Moon and satellites of Jupiter What was required then was in fact, 
accurate astronomical tables/charts for the motion of Sun and Moon, and star cata- 
logues That was impossible without the establishment of observatories and their 
governmental sponsorship 

“In the seventeenth century astronomy began to be a government affair Formerly in Tycho's 
time, princes had often endowedastronomical pursuits, which were personal hobbies 
of single individuals In the next century under royal absolutism, astronomy, besides 
being a personal scientific activity of a class of wealthy enlightened citizens 58 eager of 
knowledge, also took the form of state employment The practical application of astronomy to 
the needs of navigation and geography induced the rulers to found obsevatories ." 58 

In that socio-political context the observatories at Paris (commissioned in 1667) and 
at Greenwich (1675) were established under the royal patronage 80 The character 
and nature of work at the two observatories were somewhat relatively different While 
at Paris, the astronomers were pursuing the science of astronomy, the objective 
and aim at Greenwich were geared practically to navigation. However this emphasis of 
work was not followed very rigidly. For instance, Paris Observatory sponsored one 
expedition to measure meridian arc-length of 1 0 near equator, and another for pre- 
cise determination of solar parallax (i.e , Sun-Earth distance) by observing the transit 
of Venus in 1761 and 1769. 81 
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Finally, we may mention that further advances, particularly in the construction of 
telescopes, were realized by refinements in optical techniques which in turn were 
implimented by the industrial revolution in the second half of the 18th century Eng- 
land 62 83 The technical basis and progress in astronomy, geography, cartography and 
navigation was then assured by the rise of big industry in 19th century Europe, a 
factor completely missing then in India and playing only now in independent India its 
pivotal role ' 


2.2. THE JESUIT CONTRIBUTIONS 


2.2 1 The Indian Situation 

In the context of the development of cartography and practical astronomy in the 
16/1 7th century Europe as briefly outlined above, it is not surprising that the Jesuits 
who came to India and even went as far as China or Japan were learned men, par- 
ticularly trained in the art of geography/cartography and therefore practical astronomy 64 
As a matter of fact they were the first Europeans to introduce modern Western as- 
tronomy into South and South-East Asia, when the Church dropped gradually the 
initial opposition to post-Copermcan telescopic astronomy. Alternatively, it was also 
then hoped that the European art and sciences (like mathematics, mechanics, as- 
tronomy, painting, music, medicine) were the only support which could prop the very 
weak and slow propagation of Christianity, besides winning the monarch's favour and 
goodwill for Christians, particularly his conviction for Christianity." 65 

After the colonization of Goa in 151 0, its consolidation in the following decades and 
the establishment of the Jesuit order in 1534 by Pope, John III of Portugal requested 
the Pope to establish a Jesuit mission in India. A group of Jesuits headed by St 
Francis Xavier set out in 1 541 to establish a mission in Goa, which was then extended 
to Travancore-Cochin by 1 S33. 66 In any case a multitude of missions by Jesuits and by 
other Catholic orders and countries (like French, Dutch, German and quite late in 
1833 by English) were founded throughout the length and breadth of India 67 That 
those Jesuits involved themselves in many academic and/or missionary activities is 
not our concern here. 68 We are here interested only in their astronomical observa- 
tions and therefore in the sequal we deal briefly with the most important Jesuit car- 
tographers-astronomers who became quite popular at the courts of Mughal emperors 
and local rulers. 

As early as 1 568, the fame of the Jesuits' scholarships reached the court of Emperor 
Akbar (1542-1605) who requested the Viceroy at Goa to send missionaries to his 
court Father Anthony Monserrate (1536-1600) was one of the members of the first 
Jesuit mission to the court of the Mughal Emperor. 69 The Jesuit Father determined 
geographical coordinates of about hundred positions on his way from Fatehpursikri to 
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Kabul while accompanying Akbar in 1580/81. It is not widely known that Monserrate 
was the first foreigner to compile a map of India in ca 1590 It was a small map but 
"partly based on measured routes and astronomical observations though it is 
seriously out in longitude". 70 

Father Jean-Venant Bouchet (1655-1732) went to Pondicherry in 1689 where he is 
reported to have carried out astronomical observations for the sake of surveying the 
peninsula, particularly determining the grographical positions in 1 71 9 along the Ma- 
dras coasts His map of the interior was "the first map of any merit", dated 1722 71 
The cartographical work of Father Bouchet was utilized by D'Anville (1697-1782) in 
his “ Carte de Cote de Corromandel (published in Paris 1 753, in London 1 754) 72 

Father J. Richaud (1633-1693) was already a well-known astronomer when, as a 
member of the French embassy he left for Siam in 1 687 “as mathematician of France" 
The title was bestowed upon him by Louis XIV From Siam he came along with Bouchet 
to Pondicherry in 1689, where he set up his 12 ft telescope. His most significant 
observations were : (1) the comet of December, 1689, (2) binary nature of alpha- 
Centaun and alpha-Cruis, (3) exact prediction of the occurence of lunar eclipse of 
April 4, 1689; (4) latitude and longitude of Pondicherry and that of Mylapore (San 
Thome); (5) zodiacal lights at Pondicherry in 1 690, and (6) the Megallamc Clouds and 
two dark clouds towards Coalsack Besides carrying on astronomical observations, 
he also taught astronomy at the Jesuit school, then started at Mylapore. 73 

The most well-known astronomer-cartographer was the French Jesuit Claude 
Stanislaus Boudier (1687-1757 at Chandarnagore) who became so much reputed as 
an astronomer that Maharaja Jai Singh II invited him in 1734 to take observations at 
Jaipur Dunng the course of his journey, Boudier determined both latitudes and longi- 
tudes of 63 Indian cities in 1734, and also meridional altitudes of a few stars 74 We 
mention below some of Boudier’s observations to determine the longitude of various 
places 79 (1) observation of the first satellite of Jupiter, April 2, 1734 at Fatahpur; 
again at Jaipur on August 15, 1 734, (2) solar eclipse of May 3, 1 734, at Delhi, and (3) 
lunar eclipse of Dec. 1, 1732. Boudier was in constant touch with Father Gaubil at 
Peking, whose simultaneous observations he utilized in his calculation for difference 
of longitudes; for this purpose he used also Cassini's observations at Pans He also 
possessed La Hire's table (edition of 1702) It may also be mentioned that Boudier 
used a watch and a 17 ft long telescope, 76 and an aperture gnomon. 77 

Besides the meridional altitudes of a few stars, Boudier carried out observations/ 
calculations for the length of the year, the diameter of the Sun, the obliquity of the 
ecliptic and its variation. 78 However, Father Gaubil considered value of the diameter 
of the Sun as over-estimated. In fact Gaubil criticized Boudier as follows 


'It is several years since I received anything from Father Boudier He has, undoubtedly, sent 
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everything to Paris However, I have a good part of what he did, till 1 738 and 1 739, and I 
find that he is much mistaken with respect to the diameter of the Sun and the obliquity of the 
ecliptic I do not know whether the right ascensions of the stars are very exact. He had not 
then any knowledge of the aberration of the stars " 7S 

Nevertheless he appreciated Boudier's determination of geographical coordinates 
"His (Boudier) journey from Bengal to Agra, Delhi etc. along with observations inform 
us at least the true positions of Delhi and Agra 1180 Both D'Anville and Tieffenthaler 
had utilized Boudier's values of latitude and longitude extensively 81 According to 
D'Anville Boudier was "Tr6s habile dans I’Astronomie, qu’il a cultiv6e par inclina- 
tion ' ,82 

For the sake of completeness we may mention here the Portuguese Superior of Jesuit 
Father Emmanuel de Figueredo (1690 7 -17537) who came into contact with Raja Jai 
Singh II about 1 729 and reported to him the "grand progress in astronomy achieved in 
Portugal ” 83 As a result, Figueredo went to the Portuguese King Don Joao V, as head 
of an embassy of Jai Singh, in 1730 and returned to India with a number of European 
works, especially Phillipe de La Hire's astronomical tables (edition 1702) 84 

In passing we may also mention the Portuguese Father Xavier de Silva, 85 the German 
Father Gabelsberger 88 (1704-1741, died at Jaipur) and Strobel 87 (1703-1770) who 
assisted Maharaja Jai Singh in his mathematical astronomical activities About Fa- 
ther Jean Calmette, (1725-1740 in India) with whom Jai Singh corresponded to clear 
his doubts regarding the underlying geometrical model of the astronomical tables of 
La Hire, it is known that his value of obliquity was different from that of La Hire and 
that he was primarily engaged in determining geographical positions for a map of 
South India. 88 

Finally, we shall like to conclude this section by giving a bnef account of Father Joseph 
Tieffenthaler (1710-1785) who came to India in 1740, and died at Lucknow. 89 
Tieffenthaler became famous especially for his Historical and Geographical Account 
of Hindustan, published both in German and French (see the bibliography) 90 In fact, 
as an excellent cartographer/geographer, he was engaged in several astronomical 
observations with which we are particularly concerned here They are : 91 

(1) Meridian altitude of the Sun at various cities of India for the determination of 
latitudes; 

(2) Solar and lunar eclipses; 

(3) Jupiter's occulation by Moon on Feb. 2, 1744 at Surat, and also immersion and 
emersion of its satellites; 

(4) Transit of Mercury on Nov. 4, 1743 at 2 P.M. in Goa. He described the planet as a 
"glowing coal across the solar disc" and lamented his inability to observe the 
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beginning and the end of the phenomenon for want of astronomical instruments, 
and making his observation useless for astronomy 82 In fact.Tieffenthaler mentions 
in his geographical work at various places the astronomical instruments at his 
disposal, namely, astronomical quadrant of brass and astrolabe 93 Most probably 
he could also use the instruments at Jai Singh’s observatones at Delhi, Jaipur, 
Ujjam, Benaras and Mathura, on which he reported fairly well 94 

In comparison with his Jesuit predecessors, Tieffenthaler seems to us an excellent 
scholar, quite familiar with the post-renaissance European astronomy as well as ori- 
ental astronomy. This is apparent from his various references to Latin works (more 
precisely Latin translations of Arabic works) and from his allusion to the original wot k 
of Abd Al-Rahman SufT (903-983), the astronomical tables of Naslruddin Al-TusI (1 201 - 
1274) and of Ulugh Beg (1 394-1 449) 95 . Besides, he wrote in Latin a monograph on 
Indian astronomy and astrology. 96 

2 2.2 .A Parallel situation m China 

We would like to digress here to a parallel situation in China regarding Jesuit contri- 
bution in order to draw certain conclusions for the Indian situation A number of 
prominent mathematician-astronomers went to China during the 1 6th-1 8th centuries 
and took part in the promotion of mathematical astronomy, in particular. The most 
important who wrote in Chinese were Metteo Ricci (in China 1583-1610), Joh 
Schreck 97 (amved in 1618), Adam Schall von Bell, 98 F Verbiest", I Koegler 100 and A 
von Hallerstein. 101 Their importance can be gauged from their academic background 
and/or contact with the European scholars of the 17th century Ricci had been a 
student of and became later a friend of Christopher Clavius, 102 Schreck (alias 
Terrentius) was in active correspondence with Galileo and Kepler In fact he knew 
both of them personally. Kepler sent him in 1627 even Rudolphine Tables He even 
brought a telescope with him and presented it to the Chinese emperor in 1634. 103 On 
the other hand, Schall was inspired in his youth by telescopic discoveries of Gali- 
leo. 104 And Koegler was quite well familiar with the observational work of Flamsteed 
and Cassini 105 In a way therefore it is not surprising that the following remarkable 
works on calendrical/astronomical sciences were written in Chinese by those knowl- 
edgable scholars . 10e 

(i) Ricci corpus, part II comprises two works on astronomical and calendric calcula- 
ton/theory and five works on astronomical techniques written during 1 607-1 632. 107 

(ii) Brief Description of the Measurement of Heavens (1 628) in which, without naming 
Galileo, Schreck mentioned the sunspots and the phases of Venus, “it being a 
satellite of the Sun”. 108 

(lii) The Far-seeing Optik Glass (1626), treatise on telescope by Adam Schall, in 
which again Galileo's name was not mentioned The same was the case in Diaz's 
book Explicatio Sphaera (1 61 5) where telescope and Galileo's discoveries were 
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given for the first time 109 As a matter of fact, only in 1640 with the publication of 
Schall's History of Western Astronomy, the names of Galileo, Tycho Brahe, 
Copernicus and Kepler appeared in Chinese 110 However, Schall in his Encyclo- 
paedia on Astronomical and Calendric Sciences follows basically Tychonic sys- 
tem and "no direct discussion of Copernicus' heliocentric theory is given in his 
encyclopaedia " 111 

(iv) Lastly we may also recall the afore-mentioned 112 "Sequel to the Compendium of 
Observational and Computational Astronomy (1742), by Ignatius Koegler and 
his assistant Andrew Pereira, in which though “improved constants and tables 
based on the observations of Cassini and Flamsteed" were incorporated along 
with Keplerian ellipses, yet the model of the planetary motion was actually 
Tychonic " 113 

Let us conclude this digression in the words of the famous historian of Chinese Sci- 
ence N Sivm Nonetheless, 114 sixteen years after the death of Newton, thirteen 
years after the announcement of Bradley's discovery of stellar aberration, heliocentrism 
was still anathema in China It was Kepler's old master Tycho Brahe who furnished 
the scenery The Earth was static, while the Sun and Moon rode about the Earth 
on ellipses, the planets were still making their rounds of the Sun on the cranky epicyles 
of Tycho 115 

We have discussed at length the Jesuit astronomical work in order that one could 
differenciate the Chinese vis-a-vis Indian situation during the 17th-18th centuries 116 
First, not a single treatise or monograph on Western science in Persian or Sanskrit 
written by Jesuit scholars working in India is known to-date, excepting a stray refer- 
ence to the Persian translation of Gassendi's and Descartes's philosophies, 117 Sec- 
ond, obviously the early Jesuits in China as well as in India, like members of other 
orders Dominicans, Franciscans etc., wished to preach primarily the Gospel 118 and 
their strategy was to convert the elite (Emperors, Rajas and high officials) so as to 
achieve wholesale conversion. However in China the Jesuits "desired to convince the 
Chinese of the superiority of Western religion by demonstrating the superiority of 
Western Science in their days and age" 119 for example, correct prediction of eclipses 
etc As a result, a huge production of literature on modern science or astronomy in 
Chinese language was achieved On the other hand, that kind of motivation was not 
at all required by the Jesuits in India, since for instance Emperor Akbar (1556-1 605) 
invited thrice for disputations Christian missions from Goa to his court, namely in 
1580, 1591 and 1595; Jahangir (1605-27) is also said to have protected the mis- 
sions 120 Third, barring a couple of them like Boudier and Tieffenthaler, the Jesuits in 
India were mostly no good astronomers or scientists, they were also not in corre- 
spondence with the best European astronomers in contrast to those in China as 
mentioned above. 
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Finally, we may note that despite all that afore-mentioned astronomical literature in 
Chinese, the introduction of Copermcan heliocentric system was withheld by the Jesuits 
till the removal of his workUe Revolutiombus (already published in 1543) from the list 
of banned books by the Catholic Church in 1757. Only in 1760 the famous Jesuit 
astronomer M Benoist (1715-1774) could venture to explain the Copernicus' world 
system in his work. 121 However, in India the year 1757 was a crucial one, when the 
battle of Plassey took place and by 1 765 the East India Company (EICo) had gained 
virtual control of the whole of Bengal The acceleration of the decline of Mughal 
empire thereafter generated a political chaos in which the transfer of European sci- 
ence could not serve the Jesuits' main purpose of proselytization in any way From 
then onwards all political and also scientific activity in India passed into the hands of 
EICo; we discuss the latter in the following sections. In passing we may add that in 
the last decade of 18th and throughout 1 9th century, despite the political turmoil and 
instability in the country, several Indians attempted to contribute themselves to the 
transmission of European astronomy. 122 

2.3. THE BEGINNING OF ORGANIZED EFFORTS 

With the commencement of the age of worldwide exploration in the 1 5th century and 
its further growth during the 16 th— 17th centuries, an era of European armed coloni- 
zation began in the Afro-Asian countries, in order that their natural resources could 
be exploited by European powers for commerce, trade and capital accumulation in 
particular As a result the Indian sub-continent was also teaming with colonial powers 
Portuguese, Dutch, French and English. The East India Company (EICo), founded 
in 1599 for the promotion of trade betwen England and the East, could establish its 
first factory and warehouse at Surat (on the West Coast of India) in 1608 and later 
more factones at Madras, Bombay and Calcutta. The strategy of EICo to promote 
trade not onlywith diplomacy but also by wars and finally by full control of the terri- 
tory, bore excellent "fruits". In the unstable socio-political atmosphere dunng the 1 7th- 
18th centuries, when the Mughal power declined and the then Indian empire started 
to disintegrate, a clever exploitation of authority by EICo gave rise to a rapid ascend- 
ency of the Company to paramountcy. It has already been mentioned that in 1 757 the 
Battle of Plassey had been quite decisive. By 1765 the whole of Bengal (including 
Bihar) was under the virtual control of EICo. I n fact the Company was also successful 
in dnving out from south India the French (after three consecutive Carnatic Wars 
during 1746-1763), gaining control of the Madras Presidency, confining the French 
influence to Pondicherry only and in bnnging under its control also Nawabs of Mysore 
and Nizams of Hyderabad in the last decade of the 1 8th century. Thus at the begin- 
ning of the 19th century EICo was to be reckoned as the imperial authority in nearly 
three-fourths of the sub-continent. 123 
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For the sake of gaining knowledge of the Indian sub-continent and its natural re- 
sources, establishing an efficient communication network and particularly for revenue 
purpose, EICo started its geographical surveys quite systematically, already in the 
sixties of the 1 8th century. It may be recalled that the earlier maps of India by D’Anville 
& J Rennel (1 742-1 830) 1 24 were based largely on geographical tables of Ptolemy 
(fl 150 AD), Nasiruddin AI-TusI (13th c ), Ulugh Beg (15th c) and of the Indian 
scholar Abul Fadl as given in YusA'in-iAkbari (16th c ) 125 But since these tables were 
not accurate enough and by no means were based on systematic astronomical obser- 
vations, the cartography in India was especially promoted by EICo, with the aid of its 
own surveyors Mention may be made here of the works of the following personalities 
who emphasized the astronomical observations in particular 

Rev W Smith (circa 1775 in Bengal) carried out astronomical observations '"for the 
sake of amusement and to help the cause of geography" 126 Employing a Dollond 
telescope of 3% ft with a triple objective furnished with micrometer and also a 
quardrant, Smith determined the longitude of places by standard methods : eclipses 
of Jovian satellites, occulation of stars by Moon and latitude from meridional altitude 
of stars Smith left ”55 large folios” of astronomical observations. The accuracy of his 
geographical work was appreciated even by Rennel. 127 

Smith sold his instruments to J D Pearse (1741-1780), a commander of artillary and 
such a keen regular observer of astronomrcal/meteorologicai phenomena that he 
took observations during marches of Mysore War. 128 Besides using Smith's instru- 
ments, he employed also a 1 8“ quardrant and a sextant of 6” radius made by Ramsden 
Many of his cartographic and astronomical observations were published in Asmtick 
Researches and a good number of them (carried out during 1778-1781) on board the 
ship “Bengal" are said to be still extant in the Library of the British Museum Pearse, 
a personal friend of Governor General Warren Hastings, was in correspondence with 
Astronomer Royal N Maskelyne and Sir Robert Barker and supported whole-heartedly 
Burrow's astronomical survey plan of 1787 129 

We have already described briefly the European age of world exploration which boosted 
evidently the rnafwnaking business during the 17th— 1 8th centuries Europe. The sci- 
ence of cartography is primarily based on the determination of geographical coordi- 
nates - the latitude and longitude. However, the problem of determining the longitude 
at high seas for accurate navigation took an unusually long time to solve, i e., till the 
chronometer-method was invented 130 The importance, rather urgency of that prob- 
lem can be appreciated by the fact that " a petition by sea-captains and London 
merchants to provide a public reward for the discovery of (a good method to deter- 
mine) longitude at sea" was presented to the British Government. To that end a bill for 
the following rewards was passed in 1714 by the British Parliament . 131 

(i) £1 0,000 for a method with an accuracy of 1 °, corresponding to 60 nautical miles, 
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(n) £ 15,000, for an accuracy of (-f)°, corresponding to 40 nautical miles, 

(m) £ 20,000 for an accuracy of ( corresponding to 30 nautical miles 

To assess the various individual claims, a Board of Longitude consisting of 22 mem- 
bers was also constituted. For instance, one of the members of that Board was E 
Halley (1656-1742), famous for his comet of 76 years' period. The problem of deter- 
mination of longitude was in fact so important 132 that even the observations of rare 
phenomena like transits of Mercury and Venus were suggested, already in 1691 by 
no less than Halley himself 133 In particular, the transits of Venus of June 6, 1761 and 
June 3, 1769 were proposed for the world-wide observations, because of their long 
duration of about seven hours 134 

The Royal Society at London (founded in 1 662) was interested since its earlier years 
in accurate navigation On the request of the Society the Directors of the EICo de- 
cided to organize in a planned way the observations of the two transits 135 The Direc- 
tors even declared in 1768 that such observations "will afford the only means of 
ascertaining some principle and hitherto unknown elements in astronomy and of im- 
proving both geography and navigation ... " 13s To that end, the following instruments 
were imported officially into India (i) a reflecting telescope of 2 ft focus, (n) a pendu- 
lum clock, and (hi) an astronomical quadrant of 1 ft radius 137 

A number of EICo's engineers succeeded in observing the transits of Venus From the 
observation of B Plaisted (d. 1767) at Chittagong, the Astronomer Royal deduced 
the longitude of Islamabad as 91 0 45' ; Rev. W. Hirst (d. 1 770) observed it at Madras in 
1761; L.F. De Gloss (in India 1753-1774) at Dinapore, J Call (1732-1801) did not 
succeed because of cloudy weather The same bad luck was met by the Frenchman 
Guillaume Le Gentil De La Galaisiere (1725-1792), who was sent by the Academie 
Royal des Sciences (Pans) for observing the transits In 1 761 , he arnved in India late, 
after the expiry of the phenomenon. For the transit of 1 769, EICo put at his disposal 
the best telescope of Madras. But for the clouds which obscured the Sun during the 
occurrence of the transit he could not realize his ambition for which he waited in the 
Indian Ocean for 8 years. However, between 1761-1771 Le Gentil surveyed the environ 
of Pondicherry for latitude and longitude by observing eclipses of the Moon and sat- 
ellites of Jupiter, also lunar hour-angle. He compiled a table of refraction, determined 
the length of second's pendulum and carried out magnetic measurements in the South 
Indian Ocean. 138 

Finally, we must mention the notable astronomer R. Burrow (1747-1792) who was the 
first to emphasize the extreme importance of founding the Indian geographical sur- 
veys on regular astronomical observations. 139 As the most talented astronomer, at 
one time assistant of Astronomer Royal, N Maskeylyne and astronomer-teacher for 
egineers at Fort William (Calcutta), Burrow took part in many geographical 
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:plorations “Notable", as he was, "for his effort to break away from the common 
ace", he criticized severely the method of surveying in India by EICo. 140 "Geography 
so little benefitted by such maps [i e the English ones] that they are a nuisance 
ther than advantage, and there is no other proper method of correcting such sur- 
ys but by determining the positions of some of the most material points by astro- 
imical observations" Thus Burrow recommended a regular astronomical survey, 
so some physical observations, 141 emphasized “on precise determination of actual 
id relative positions" 142 of places, and even an astronomical observatory for India in 
der "to make corresponding observations with the aid of a 4ft reflecting telescope, 
theodolite made by Ramsden, a sextant of 6“ radius made by Troughton and an 
nold's chronometer. Burrow carried out extensive astronomical observations par- 
ularly during 1790-91 143 After his death his observation on reduction led to the 
lowing values for one degree of longitude (at 23° 28' N) and latitude as 55989 fath- 
ns and 60457 fathoms respectively. 144 It has been assessed that his observations 
'ere of a far higher standard than are hitherto taken in India and for the next 30 
ars [were] accepted as the best available , 145 In favour of his genius for astronomy, 
ie may cite the information that he mastered Sanskrit for translations of old manu- 
ripts, wrote astronomical notes in Galdwin's translation of Abul Fadl's A’in-iAkbari, 
id recommended the use of large quadrant at Banaras Observatory. 146 

e may conclude this section by adding that his efforts led to the regular astronomi- 
I control of geographical surveying, thus indirectly supporting modern astronomical 
tivities on Indian soil 147 As an example we may quote the sailor-surveyor Michael 
pping (1746-1796) who observed with Dollond's telescope in 1785 eclipses of sat- 
ites of Jupiter in order to determine longitudes in the Maidive Island, and utilized 
so his 55 meridional observations of fixed stars to ascertain with exactness the 
:itude of the Company's House at Coringa Bay. 146 In the following section we deal 
lefly with Topping who in fact was the driving force for getting the first modern 
estern Observatory established m India at Madras (now called Chennai) in 1792 
5 took the Board of Directors of EICo at their words and pleaded : "Astronomy has 
er been acknowledged as the Parent and Nurse of Navigation and it is doubtless 
>m considerations of this nature that the Hon'ble Court have come to the resolution 
thus affording their support to a Science to which they are indebted for a rich and 
tensive empire." 149 


3. THE ESTABLISHMENT OF OBSERVATORIES 

nee the development of astronomical knowledge is closely related with the estab- 
hment of observatories, we go over to their foundation by EICo and also by Indian 
onarchs. In particular we relate their origin, growth and astronomical work per- 
rmed there by vanous astronomers/directors whose brief biographical sketch and 



412 


HISTORY OF ASTRONOMY IN INDIA 


conditions of work then are also narrated Finally, we list the astronomical instrumen- 
tation employed at those observatories from time to time, which in turn reflects di- 
rectly the standard of astronomical activity. Wherever possible a glimpse of the scien- 
tific outlook of the astronomers working then in India is also given 

According to our present knowledge, the following modern observatories were estab- 
lished in India during 18-1 9th centuries : 150 

1 Madras Observatory (1792), 

2. Calcutta Observatory (1825), 

3 Royal Observatory at Lucknow (1835); 

4 Raja of Travancore Observatory at Trivandrum (1837), 

5 Poona Observatory (1842); 

6 St. Xavier's College Observatory at Calcutta (1875), 

7 Maharaja Takhta Singji Observatory at Poona (1882), 

8 Hennessy and Haig Observatories at Dehra Dun (1884, 1886), 

9. Presidency College Observatory at Calcutta (1 900) 

It should be mentioned at the outset that all other observatories except the Madras 
Observatory were either abolished or later stopped astronomical work altogether In 
the last section of this contribution we dwell upon briefly the reasons for that state of 
affairs. 


3.1. THE OLD MADRAS OBSERVATORY 

The history of this famous observatory established by the East India Company 
has been treated in a number of works, 1S1, 152> 153 and therefore we recall in the 
following its origin and establishment only briefly. 

3.1 .1 . Michael Topping (1747-1796) 

The only sailor-astronomer of all the surveyors at Madras, Topping came to India in 
1785, when he engaged himself in the determination of longitudes in the Maidive 
islands and in Ceylon. 154 In 1787 he was engaged in coastal surveys north of 
Masulipatam 155 and "southward to .Cape Comorin... [to] ascertain the position of 
the principal places in Carnatic." 156 He utilized for that purpose “an excellent instru- 
ment on the Hadlean pnnciple" by Stancliffe, an artificial hdnzon and telescope by 
Dollond, also an Arnold's chronometer. He employed the satellites of Jupiter for lon- 
gitude determination, for latitude used his meridional observations of fixed stars. 157 
By 1788 he completed his chart of the Coringa Bay. 158 

In 1789 Topping suggested to the Madras Government to acquire the private as- 
tronomical observatory of William Petrie 159 who, while departing for England, then, 
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“offered his instruments as a gift to the Government”. Topping argued : The Com- 
pany had, from time to time, sent many valuable Astronomical Instruments to Ma- 
dras, most of which for want of a proper deposit and of proper persons to render them 
serviceable, had been scattered abroad in different parts of the country." 160 He then 
listed the following instruments . (i) 2 astronomical quadrants, one by Bird, (n) 2 
acromatic telescopes with a triple object glass by Dollond, (in) 2 astronomical clocks 
with compound pendulum, (iv) time-keepers by Shelton, and (v) transit instrument 
presented by Petrie 

To start with, Topping thus floated the idea of a depository erected for Petrie and 
Company's instruments, so as to protect the instruments “from the hazard of injury 
and usage, if not total demolition. ". 161 He also praised the EICo for its efforts to 
support scientific work, as quoted in the preceding section In 1790, the Directors of 
EICo agreed that “the Establishment of an Observatory at Madras would be very 
great advantage to science, 162 and after two years during the Governorship of Sir 
Charles Oakeley, he was appointed the first Director of the Madras Observatory, with 
John Goldingham as his assistant, 163 and later by an Indian. 164 

Already in 1791 the house of one Edward Garrow was used by Topping for his instru- 
ments and office. By 1792, the observatory was erected 166 Topping describes in 
detail in his report the building plan of the observatory. We confine here, however, to 
the remark that granite pillars or foundation-towers were constructed to keep the 
instruments free of vibrations, one each for mural arc or circular instruments for 
taking meridian altitude, for the instrument for taking equal altitude observations and 
for the transit instrument by Stancliffe The remains of these pillars are still extant at 
Madras 166 

As "a person of very considerable mathematicl and geographical knowledge” 167 he 
knew very well that, "every correct observation made at Madras that has a corre- 
sponding one with which to compare it, taken under any meridian, determines at once 
the relative longitudes of the two places" In fact Topping was convinced that the 
“astronomical observations [were] ... the only sure and practical method of finding 
the relative position of distant trans-marine situations" and he hoped for “the chart of 
these Eastern Seas in a more correct state than those even of Europe . or at least 
a regular system established for the perfection of Indian Georaphy." 166 

312 John Goldingham (d 1849) 

Topping was succeeded by the Dane John Goldingham who had assisted W. Petrie at 
his private observatory before becoming an assistant of Topping. He held the post of 
Government astronomer from 1796 to 1830. During his tenure he equipped the ob- 
servatory with a circular instrument of 1 5“ diameter made by Troughton and also with 
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a vertical and horizontal circle 169 Moreover, one portable transit by Ramsden, two 
more astronomical clocks and Dollond's telescopes were acquired 170 

Goldingham's astronomical observations were published in four volumes His work 
comprised mainly the observations of transits and zenith distances of heavenly bod- 
ies, solar and lunar eclipses, satellites of Jupiter and lunar occultation of fixed stars 171 
He also performed valuable pendulum measurements near the equator and at Ma- 
dras, observations of the velocity of sound, and kept a meteorological register since 
1796. 172 

To appreciate Goldingham's scientific outlook we quote from one of his communica- 
tions to the first Surveyor General of India, Colin Mackenzie (1754-1821) 

" A Public observatory is an establishment for observing the heavenly bodies to ascer- 
tain their exact positions and motions with a view to the improvement of the tables and 
geography and navigation . Most enlightened princes have been proud to have such es- 
tablishments in their dominions as, independent of their utility to science and navigation, 
none lead to discoveries so sublime regarding the widsom, power and goodness of the 
Deity, they also become a sort of focus for real science to emanate from " ,73 

Goldingham's notable contnbution to geography is said to be his determination of the 
longitude of his Observatory as 80° 1 8' 54". Some of his researches were published in 
Asiatick Researches. It may also be mentioned that a number of Indians assisted him 
in his daily observational programme, namely transit of Sun and of a number of stars 
in order to regulate the astronomical clock. 174 

3.1 3 Thomas GlanviUe Taylor (1 804-1 848) 

Taylor who succeeded Goldingham was recommended in 1 830 by none other than the 
Astronomer Royal John Pond. Taylor had worked as incharge of night transit observa- 
tions at the Royal Observatory since 1822 175 On his joining the duty at Madras he 
made it his first task to put up new powerful instruments, a 5 feet transit, a mural 
circle of 4 feet in diameter and a 5 feet equatorial by Dollond 

The greatest work which Taylor turned out during his 1 8 years of service as Govern- 
ment astronomer was the compilation of his fixed star catalogue, which was finally 
published in 1844 as the Madras General Catalogue of 11015 Stars 178 The signifi- 
cance of his work in general and especially of the afore-mentioned catalogue can be 
appreciated by the report of the Royal Astronomical Society in which it was stated 

‘In the execution of .. [the Society's catalogue of stars] . considerable assistance has 
been afforded by the .. catalogues published by Mr Thomas GlanvilleTaylor at Madras 
The second of these catalogues contains nearly all the stars In the Society's Catalogue 
visible in that latitude and the last two exhaust nearly the whole of Piazzi's celebrated cata- 
logue . .The establishment of this observatory is highly honourable to the East India 
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ThoughTennant was not connected with the Madras observatory further, yet we would 
like to descnbe briefly his astronomical work in India at large, since his work was 
recognized by his election as Fellow of the Royal Society in 1869, and to President- 
ship of Royal Astronomical Society in 1890-1891 188 His major contribution was actu- 
ally in the observation of total solar eclipses of Aug 17-18, 1868 at Guntoor and Sep 
11-12,1871 at Dodabetta (Nilgari Hills), and also of the transit of Venus in 1874 at 
Roorkee, employing the newly discovered technique of photography. 189 From the point 
of view of astronomy he was the first to ask questions about the physical nature of 
solar prominences already in 1867, and to report his spectroscopic observations of 
the coronal continuous spectrum, and of a bright line from the prominence After 
supervising the observations of solar eclipse of 1871, he could compile clearly the 
information about the constitution of the Sun. 190 

Finally, it may also be mentioned that as a sequel to his observations of the transit of 
Venus, he proposed a solar observatory for Simla, "especially for observations with 
the spectroscope and by photography and also for the observation of Jupiter's satel- 
lites" His proposal, though rejected, “led to the daily photography of the Sun at Dehra 
Dun" 191 


3.1 .6 Norman Robert Pogson (1 829-1 891 ) 

Early in 1861 Pogson was appointed Director of the observatory on the recom- 
mendation of J. Herschel and C. Piazzi Smyth. He held the Directorship for 30 years i 
To the equipment of the observatory he added especially two new instruments 

(i) a transit circle of 42" in diameter which was read by six microscopes and a 
telescope of 5" aperture, constructed by Troughton and Simms, 

(ii) an equatonal with an 8" object glass. 192 

Before joining Madras, Pogson had worked at a few British observatories, 193 where 
he soon became known as a first class observer of variable stars and especially of 
minor planets. He discovered four of them during 1854-1 857, 194 and within seven 
years of joining Madras he discovered five more planets : Asia on April 17, 1861, 
Freia on Feb. 2, 1 864, Sappho on May 3, 1 864; Sylvia on May 1 6, 1 866 and Camilla 
on Nov 17,1868 195 During this time he also discovered seven more variable stars 
and another one in 1 877; in fact, he continued at Madras his compilation of a Variable 
Star Atlas which he had started at Radcliffe Observatory (Oxford) in 1852. 198 This 
work was done with the help of his Indian head-assistant C Ragoonathchary. 197 

Using the equatorial and mendian circle, in the use of which he was supposed to be 
one of the topmost experts of his time, he prepared a star catalogue based on 51 1 01 
observations, earned out between 1 862 and 1 887. 198 This catalogue included a number 
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of southern stars between 110° and 150° of North Polar distance which were un- 
known up to that time 199 

In Dec. 1872 he claimed to have detected the comet Biela, and during 1862-1873 he 
took five series of opposition observations of the planet Mars in order to investigate 
the constant of solar parallax. 200 Besides, he was the first to observe the bright line 
spectrum of the corona at the time of the total solar eclipse on Aug 18, 1868, which 
he watched at Masulipatam. 

It is said that Pogson had an exhaustive knowledge of the astronomy of his time and 
as an observer only one or two of his contemporaries could equal him There is no 
doubt that his 44 years of astronomical activity proved, in the words of John Herschel, 
his "conspicuous zeal, devotion to and great success in the science of astronomy " 201 
In the history of astronomy he is known even today as the originator of the so-called 
‘Pogson's scale' for photometric work. It is the logarithmic scale for the light ratio of 
stellar magnitudes. Further recognition came to him with his election to Royal 
Astronomical Society and with his nomination in 1 878 as a Companion of the Indian 
Empire 202 

C. Ragoonathchan (7-1 880) 

The first Indian astronomer of the last century who contributed significantly to the 
Indian astronomy was Chintamanay Ragoonathchary He was head-assistant at the 
Madras observatory where he served for 35 years under various Directors 

He was a skilled observer, excellent at calculations and possessed a capacity to work 
very hard, owing to which he could claim to share 38000 observations in the Madras 
Catalogue of Stars His first paper was submitted to the Royal Astronomical Society 
as early as 1 859 on "The Determination of Personal Equation by Observations of the 
Projected Image of the Sun". He was the first and only Indian in the last century who 
discovered two new variable stars ■ R Reticuli in 1 867 and V Cephei in 1 878. He also 
participated in the observations of the total solar eclipses of 1 868 and 1 871 In Janu- 
ary 1872 he was elected as a Fellow of the Royal Astronomical Society. 203 

3 1 7 C Michie Smith 

After Pogson's death Michie Smith took charge of the Madras Observatory as Direc- 
tor up to 1899. 2M Besides completing and publishing the work of Pogson, Michie 
Smith tried hard to start “the new Astronomy" in India. In his annual report of 1892 he 
thus presented his case . 20S 

"During the 33 years which have elapsed since the instruments now in use in the observa- 
tory were ordered, astronomy has advanced so rapidly along certain lines that the instru- 
mental equipment is again found very defective . . for the “new astronomy" - photography 
and spectroscopy-there is practically no provision" 
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The same opinion was also expressed four years later by John Eliot, Meteorological 
Reporter of the Govt, of India. 206 

By then, as a matter of fact, even the Government of India had “fully recognized the 
desirability of India cooperating in the important class of observations comprised 
under the subject of 'Solar Physics' and [had] . sanctioned the erection of a suitable 
observatory at Kodaikanal " 207 ' 208 So the foundation of a solar observatory was laid at 
Kodaikanal in 1895 and its construction was carried out under the supervision of 
Michie Smith, who acted then as Director of both the observatories By April 1 899 the 
astronomical work at the Madras observatory was confined to mainly meridian obser- 
vations for time service and some weather forecasting 209 By the end of 1 900 Kodaikanal 
observatory was completed and started functioning The programme of work was 
chalked out by Michie Smith and it was approved by the Observatories Committee of 
the Royal Society From then on real organized astrophysics began in India, i e at 
Kodaikanal Astrophysical Observatory. 210 But its description is beyond the scope of 
the present article 211 

To bnng this section to an end and to sum up the importance of the Madras Observa- 
tory in the last century we would like to quote from Memoirs of Markham, who wrote 
in 1878 212 

'The Madras Observatory is now the sole permanent point for astronomical work in India 
and the only successor of the famous establishments founded by Jai Singh It has pro- 
duced results which entitle it to take rank with the observatories of Europe" 

Unfortunately, within less than 1 00 years this observatory and the men who worked 
there have been completely forgotten: In a standard reference work like Encyclopae- 
dia Bntanmca (1966), whereas Jai Singh's observatory at Jaipur is mentioned, 213 
there is hardly a single sentence on the history of Madras Observatory and its contri- 
bution to the astronomy of the last century 214 

In conclusion it may be admitted that though the above-mentioned account appears 
to be quite detailed, yet the author is well aware of its shortcoming A good number of 
original records are still lying untapped at the Archives of Herstmonoceux and Royal 
Astronomical Society (London). On the basis of some selected ones we intend to 
treat this topic in detail elsewhere. 

3.2. CALCUTTA OBSERVATORY 

This observatory was established by the East India Company following a proposal by 
V. Blacker (1778-1826), the Surveyor General of India, to start an astronomical sur- 
vey of Bengal in order to supplement the surveying by tnangulation method. To begin 
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with, the observatory was equipped with ,21S 

(i) a transit telescope of 5 feet focal length, 

(n) a zenith tube, and 
(m) a Kater*s pendulum 

But J A Hodgson (1777-1848), one of the first observers who used these instru- 
ments, had complained The instruments . may. be considered as more play- 
things so far as making further difficult investigations - in the high science of 
astronomy . is concerned 1,218 So a few more instruments were later added, namely 
a transit of 30" focal length, an 18" altitude and azimuth circle and an astronomical 
telescope of 414 feet focal length, in order to perform, for instance, eclipse observa- 
tions. However, as Col. A. Waugh (1810-1878) also pointed out, the "observatory had 
no pretentions. . be considered a metropolitan institution nor was it at all fitted 
to investigate questions of high scientific research It was strictly an appendage to the 
Survey Department. . . and as such it has fulfilled the object of its institution". 217 

At this observatory Blacker, Hodgson and a Swiss observer named Vincent Rees 
performed astronomical observations An Indian, Sayyid MirMohsin (1778-1826) of 
Arcot in South India, was the incharge of instruments In the words of Sir George 
Everest, Mohsin had “both genius and originality" 218 A theodolite assembled by him 
is still preserved at the Victoria Memorial, Calcutta 219 

Hodgson, who was a very keen observer, recorded the ecplises of Jupiter’s first sat- 
ellite and lunar transits 220 With him, however, the observatory lost its driving force 
and was then confined only to routine time-recording and meteorological observa- 
tions 221 


3.3. ROYAL OBSERVATORY AT LUCKNOW 

The first historical reference to this observatory, which was established in 1832 by 
King NasTruddTn Haydar (who reigned in Oudh during 1827-37), is to be found in a 
report of 1851 of the Royal Astronomical Society (hereafter abbreviated as RAS ) 222 
Thornton wrote ,223 "Lucknow may be regarded as entitled to an honourable distinc- 
tion among Indian cities in possessing an observatory". 224 In the historical chronicles 
following that of Thornton one finds only a very bnef reference to the observatory 
building . Tdrewali Kothi ("the star house"). 228 - 228 Even Markham 227 in his excellent 
Surveys dealt with this observatory by just half a page. Only in 1955 Phillimore 228 
gave a few details His information is mostly based on material published in the jour- 
nals of Royal Astronomical Society and the Asiatic Society of Bengal 

So far as we know to date, a detailed history of this observatory was written for the 
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first time by us 229 The historical account of Kamaluddm Haydar 230 alias Muhammad 
Mir in Urdu is brief, concerns only with the establishment of the Observatory and is in 
an old style, i e. without reference to contemporary source-material, it is rather per- 
sonal Our account, both present and previous, is based primarily on unpublished 
historical records. 

3.3.1 . Establishment 

The observatory, as mentioned above, was established by King NasTruddTn Haydar 
who in 1831 sent the following communication through the Resident of Lucknow to 
the then Governor General of India, Lord William Bentmck 231 

"As my mind is always bent on promoting diverse enlighted arts and sciences which are 
replete with good and possess salutary advantages to the wise and to the public at large, it 
is my wish to establish an observatory in the metropolis of Lucknow and to appoint for its 
supenntendence and establishment Capt Herbert who from his works and publications 
professes great experiences in these matters and is eminently skilled and qualified in the 
knowledge of astronomy 232 He will receive Rs 1 000/- monthly as his pay and Rs 700/- 
permensomforthe erection of the observatory and carrying its business 1,233 

In founding the observatory the King had two objectives * 

To establish an observatory upon a liberal scale worthy the wealth and importance of the 
Government as well for the advancement of the noble sincerely new discovenes as for the 
defusion of its pnnciples amongst the inhabitants of India, for the establishment is in- 
tended to embrace translation 234 into the native language and to instruct the inhabitants 
here It is contemplated to deliver lectures upon astronomy to the students of the College 
and to select talented youth for instructions in every branch of the science .observatory 
instruments I believed to be commissioned from England The officerto be placed in charge 
of the Observatory at Lucknow may correspond with the observatories of Europe and 
contnbute to the advancement of astronomy by affording a consecutive series of important 
observations. 235 

We have given here a rather long quotation, so as to clanfy the primary aim and 
attitude of the King. We shall refer to this point again in the last subsection 3 3.4. 

The Governor General of India welcomed the King's suggestion very much and agreed 
to the appointment or transfer of Capt Herbert, who on joining the King's service 
planned and supervised the construction of the observatory building and also ordered 
Troughton and Simms' astronomical instruments from England 236 Unfortunately due 
to his sudden death 237 in 1833 the construction work at the observatory was held up 
till the appointment of Maj. Richard Wilcox (1802-1848) in 1835 238 The following 
accounts, especially that of the astronomical work done in the observatory is based 
on the unpublished reports of Wilcox which he submitted to the then Governor Gen- 
eral of India through the Resident of Lucknow, during the period 1 840-1 848 238 They 
are as follows, their exact reference is given in the Bibliography 
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1 

Oct. 2 (1840) 

II 

April 1 (1841) 

III 

Oct 1 (1841) 

IV 

Jan 18(1844) 

V 

Feb 25 (1845) 

VI 

July 9 (1845) 

VII. 

March 24 (1848) 




In the following we shall refer to those Reports by their Roman numbers only. We may 
mention that the gap between 1841 and 1844 was due to the return of Maj 
Wilcox to his corps for active military service. 240 

3 3.2 Equipment 

According to the report of the RAS, Lucknow Observatory was "certainly the best- 
equipped observatory in India" 241 In fact, its equipment consisted of the following 
instruments • 

(i) A mural circle of 6 feet on which later a collimating eye piece invented by 
T. G. Taylor (of Madras Observatory) was mounted 242 
(n) An 8 ft Transit. 

(m) An equatorial of more than 5" aperture with the focal length of the tel- 
escope equal to 9 ft and the diameter of the hour and declination circles of 
2 and 3 feet respectively 243 

(iv) Astronomical clocks by Molyneux 

As to the quality of these instruments Wilcox remarked • “The Meridian instruments 
are upon the same scale as those at Greenwich, on the model of which they were 
indeed constructed by the same makers”. 244 The Surveyor General of India even went 
a step further in praising the instruments He wrote in 1852 •“ . I consider Lucknow 
instruments are valuable and perfectly sufficient for a first class observatory. In fact 
they are far superior to the apparatus m the Madras and Bombay Observatories " , 245 
No wonder that after the abolition of the Observatory 248 two claimants for these 
instruments appeared on the scene . Andrew Waugh, who wished to have an ob- 
servatory at Calcutta “staffed and equipped from Lucknow, provided the instruments 
could be obtained free of charge" 247 , and Capt. W. S Jacob, who after reading the 
report of the RAS, 248 expressed his wish to obtain those instruments for the Bombay 
Observatory 249 

3.3.3. Astronomical "Work 

The programme of work which Wilcox chalked out for the observatory was conceived 
by him presumably in consultation with various astronomers, since then and later on 
he was in active professional correspondence with his contemporaries. 250 Extracts 
from his letters written to a member of RAS dated Jan. 7, 1846 and Jan 22, 1847 
were published in the above-mentioned report of RAS. In one of these letters Wilcox 
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referred to an exchange of a letter with George Airy. This correspondence is extant in 
Airy's papers at the archives of Herstmonceux. In his letter dated Nov 18, 1840 
Wilcox asked Sir George Airy, for instance, about 

the manner with reference to what is being done elsewhere these instruments may 
best be employed for the interests of science and as there is no one so capable as yourself 
of answenng this question I venture to put it to you in hopes that you will favour me with your 
advice.. ..." 

In his reply Airy suggested to Wilcox to take advantage of his southern latitude in 
order to observe the planets during day-time and particularly to watch the smaller 
planets which should be better visible at Lucknow than in Europe, due to the clear- 
ness of the Indian sky 281 

The following astronomical observations were performed at Lucknow by Wilcox and 
his Indian assistants 

1 Major planets during 5 a.m. to 1 1 a.m., 252 

2 Smaller planets : Ceres and Vesta and occasionally Pallas and Juno , 253 
3. Eclipses of Jupiter's satellites, 254 

4 Oceultations of stars by the Moon; 

5. Meridional observations of the "stars of the nautical almanac, and a large 
number of small stars taken from the catalogues of the Astronomical Society 
and from those of Piazzi and Bode” 255 and also "reobservations.. of the 
stars of the third and fourth volume of Mr Taylor's Madras Observations " 25e 

Unfortunately, none of Wilcox's observations (completely reduced for the years 1841- 
43) was ever published, however hard he tried. He corresponded with the secretary of 
theRAS 257 about the problem of publications, discussed it several times at length in 
his reports and even succeeded in securing Rs. 6,000/- for publications from the 
King 258 but in vain. Even after his death and the abolition of the observatory, his wish 
to get at least the reduced observations printed could not materialize, although 
influential people like Dr. A. Springer, Principal of Delhi College, Delhi, made efforts 
to get it done. 259 

We would like to add here a few words about the team of Major Wilcox. It comprised 
two Indian assistants Kalee Charan and Ganga Pershad, headed by a Greek called 
Kallanus, who formerly served in the Great Trigonometrical Survey of India Wilcox 
expressed himself "....highly satisfied with the zeal and ability of my native assist- 
ants." 260 "....One could not wish for better observers than our educated lads turn 
out...." 261 Besides these technical hands, there was also the afore-mentioned histo- 
rian Kamaluddln Haydar who translated scientific works into Urdu, for instance Rev. 
Samuel Vince's The Elements of Astronomy, 3 ** or Lord Brougham's Preface to Natu- 
ral-Philosophy, of the Library of Useful Knowledge, 263 or Astronomy by Brinkley. 284 
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3 34 Abolition of the Observatory 

On Oct 28, 1848, Wilcox died. 265 The King of Oudh, Wajid All Shah (reigned 1847- 
56) ordered the abolition of the Observatory on Jan 20, 1849. 266 The King justified it 
by claiming that “the great outlay incurred in maintaining it has produced no advan- 
tage whatever either to the state or to the people and learned of Oudh 1,267 This 
reasoning is corroborated by Haydar in his History, who further adds that according to 
a report to the King "the Europeans and not Indians are benefitted by this observa- 
tory" 266 However, we may mention here another viewpoint also. The Resident at 
Lucknow, Lt Col WA Sleeman, claimed that the real reason for the abolition was 
the annoyance of the King at many remarks made by Haydar in his History of Oudh. 269 

On the request of Col A. Waugh, Capt Strange visited Lucknow in 1855 for inspect- 
ing the instruments and records. 270 According to him the instruments were preserved 
well but required cleaning In fact they were in such a good condition that within a few 
months a good astronomer could bring them in operation, added Capt Strange He 
therefore strongly pleaded for the resumption of work at the observatory by appoint- 
ing an astronomer He also found the records of observations reduced and excel- 
lent 271 Again, he wished for the rescue of the observation records from the attack of 
white ants. The apathy of the Governor General is clearly demonstrated by their 
indecision to support the astronomical work at the observatory. 

The result was its expected destruction in the Indian War of Independence in 1 857 as 
reported by James Tennant. 272 Further, Markham noted that "all the work of this once 
first class observatory has been lost to the world, and its records have perished 
without rendering any result to science 1,273 

Despite the above reports, we tried to search the original records of the observatory 
at Royal Astronomical Society and Royal Society of London We could, however, find 
in 1977 only at the Library of the Royal Society daily magnetic and meteorological 
observations of the years 1842-43 of the Lucknow (magnetic) observatory. 274 Note 
that Capt Strange actually saw the 'unsigned duplicate sheet' at the observatory in 
1855. 276 Haydar in his History writes, that at the time of abolition "a large number of 
school books were auctioned for Rs. 1300 and many of them were acquired by Dr 
Sprenger and Wilson." 276 Since the former knew very well the value of Wilcox's obser- 
vational work, and the latter was a trustee of King's grant of Rs. 6000 to Wilcox, for 
the printing of the observations, 277 it is most unlikely that the register of observations 
were not secured by them. We conjecture that those observations of 1 841 -1 843 might 
be extant either in Sprenger's papers or with Wilcox family. 278 Optimistically, one may 
still search those observations. 
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3.4. TRAVANCORE OBSERVATORY 

In 1836, on the suggestion of the Resident Gen. Stuart Fraser, an observatory was 
established at Tnvandrum by the Raja of Travancore, Rama Vurmah, 279 who was 
famous for his love of learning and desired "that his country should partake with 
European nations in scientific investigation" 280 The building of this observatory was 
planned and erected by Capt. Horsley (Madras Engineers) and was completed in 
1 837. Raja Vurmah appointed the astronomer and meteorologist John Caldecott (1 800- 
1 849) as Director of his observatory. Actually Caldecott, who was working before this 
appointment as commercial agent to theTravancore Government at the port of Alepy, 

had been the first who “ pointed out to General Fraser the advantages to 

science to be derived from the establishment of an observatory at Trivandrum" 281 

Caldecott started making observations in July 1 837, to start with using his own instru- 
ments However, in the following years on the advice of Raja Vurmah he went to 
Europe for the purchase of a “permanent instrumental outfit" 282 As a result of 
Caldecott's efforts the observatory was equipped with two mural circles by Simms 
and James respectively, a transit and Th feet equatorial by Dollond, an altitude and 
azimuth instrument and a few astronomical clocks. 283 

With the aid of an Indian assistant, who was trained underT G Taylor at the Madras 
Observatory, Caldecott collected an enormous amount of astronomical observations 
which were forwarded by him to the Court of Directors of the East India Company and 
the Royal Society. His observations comprised also the computed elements for the 
comets of 1843 and 1845, 284 the solar eclipse of Dec.21, 1843 which he observed 
near the source of the Mahe river where, “it just fell short of totality but offered a 
beautiful view of Baily's beads" 285 All these astronomical and also other physical 
observations 286 brought him recognition. Already in 1840 he was elected a Fellow of 
the RAS and also of the Royal Society. Unfortunately, in spite of his utmost efforts he 
did not succeed in getting his observations published. To that end he even made a 
journey to England in 1846, but in vain. 

When Caldecott died in 1 849, the observatory was for a short time under the super- 
vision of Rev Sperschneider, till Johan Allan Broun joined as its Director in 1852 
Broun was primarily interested in meteorology and particularly in terrestrial magnet- 
ism. 287 Therefore he later on devoted himself solely to magnetic observation for which 
he set up a special observatory at Agustia-Malley within three years of his joining the 
Trivandrum Observatory His extensive meteorological and magnetic researches were 
later published by him. 288 After Broun's departure in 1 865 the then Raja of Travancore 
decided to abolish the observatory. 
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3.5. POONA OBSERVATORY 

At Poona (presently Pune) a small private observatory was established in May 1842 
by Capt. W S Jacob (1813-1862) The octagonal shaped building of the observatory 
was done in brick and had a folding roof instead of a dome. 289 Jacob equipped this 
observatory with a 5 feet equatorial of Dollond 

During 1845-1848, working at his observatory he observed, for instance, the eclipses 
of Jupiter's satellites, in order to determine particularly the longitude of Poona, and 
he also carried out observations of Saturn's rings All those observations he commu- 
nicated to RAS 290 Jacob's main interest, however, lay in the observation of double 
stars of which he also compiled a catalogue. Actually he became famous for that 
catalogue of 244 binaries, also for the calculation of the orbits of a number of bina- 
ries and particularly for the triplicity of Scorpn in 1 847 291 His work was recognized by 
his election to the Fellowship of RAS 

In 1 848 Jacob was appointed director of the Madras Observatory in which capacity he 
worked for 1 1 years 292 Since the climate of Madras did not suit him, he cherished the 
desire to have a bigger observatory set up at Poona or Bombay. Already in 1852 he 
wrote in a letter to RAS that the climate of Poona is the best, "where the air is cooler 
and the climate less adverse to exertion", and that even the climate of Bombay is 
"superior to that of Madras" He therefore proposed that "no doubt it would be an 
advantage to science if that [i e then Bombay Observatory] were made the principal 
observatory 293 To that end he also suggested that the instruments of Lucknow Ob- 
servatory (after its abolition) be transferred to Bombay. On resigning from the Ma- 
dras Observatory because of ill-health, he must have actively worked for the realiza- 
tion of his afore-mentioned wish and in fact succeeded in obtaining in 1 862 a grant of 
the British Parliament worth £1000 to build an observatory at Poona at a height of 
5000 feet. Before returning to India he purchased a 9” equatorial from Lerebours for 
his observatory but 8 days after arriving at Bombay he died in Poona on Aug 16, 
1862. Thus his desire “that an astronomical observatory should be established in the 
Western Presidency. .. .. [was] never fulfilled." 294 Jacob's private observatory com- 
pletely lost its stimulus after his death. Actually so far as the promotion of astronomy 
in India is concerned this observatory did not play any significant role 


3.6. TAKHTA SING Jl OBSERVATORY 

The spirit behind the establishment of an astrophysical observatory at Poona was 
actually a Parsi physicist Kavasji Dadabhai Naegamvala (1857-1938). Naegamvala 
belonged to an illustrious family of Parsi contractors. 295 He was educated at the 
Elphinston College (Bombay), from where he passed his B A. (1 876) and M A. (1 878) 
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in physics and chemistry winning the Chancellor’s gold medal for the year 1878 In 
the same year he was nominated a senior Dakshina Fellow of the College. He se- 
cured the first lectureship in experimental physics instituted in 1882. From 1881 to 
1 912 he was a nominated Fellow of the University of Bombay In 1 888, he was trans- 
ferred to Poona to the College of Science (now College of Engineering) as a profes- 
sor of astrophysics 298 and in 1 900 he was nominated as Director of Maharaja 
Takhtasmghji Observatory, Poona. Naegamvala's astrophysical work 297 was recog- 
nized internationally by his election as the Fellow of Royal Astronomical Society 298 

3.6.1 . The Establishment 

In October 1882 Maharaja Takhta Singhji of Bhavanagar visited the Bombay Univer- 
sity Naegamvala represented to the Raja "that adequate means for the pursuit of 
spectroscopic investigation did not exist in any of [the] Colleges affiliated to the Bom- 
bay University and that Elphinston College would be prepared to organise a 
spectroscopic laboratory, if provided with a sum sufficient for the purpose ” 299 The 
Raja offered a sum of Rs. 5000/- and also hoped for a matching grant by the Govern- 
ment to establish such a laboratory. His motivation was two-fold • 30 ° " . .on one hand 
I shall have the satisfaction of knowing that I had done something to supply a very 
desirable means for study of an important branch of science. I shall, on the other 
hand, have the gratification of thinking that it has permitted me to perpetuate the 
memory of my present visit ..." By a strange coincidence, spectroscopic observatory 
instead of a laboratory was established. 

Soon after the discovery of solar spectral lines by Fraunhoffer (ca 1812-1814) and 
their explanation by Kirchhoff and Bunsen (about 1 859), the spectroscopic technique 
was applied to the stars and planets by W Huggins (in England), H. C Vogel (in 
Germany) and Father A. Secchi (in Roma). 301 The latter had contacts with Father 
Lafont, who was the director of St. Xavier's College Observatory at Calcutta (estab- 
lished about 1 875). 302 The only spectroscopic laboratory in India was then at Calcutta 
where Fa Lafont was engaged in studies in solar 303 and stellar spectra evidently with 
the aid of a telescope. It was therefore natural for Naegamvala to visit that laboratory 
at Calcutta in order to familiarize himself with the spectroscopic apparatus Celestial 
spectroscopy was then the frontline experimental physics, also called Astronomical 
Physics. 304 Evidently Naegamvala became interested in a spectroscopic observatory 
He then communicated his ideas to Principal Wordsworth and got himself recom- 
mended for visiting vanous laboratories and observatories in Europe by Father Lafont 
and Father Deckmann (Professor of Physics at St Xavier’s College) 305 

In 1884, Naegamvala proceeded to Europe “on leave without pay" and a grant of Rs. 
1 0,000/- to select apparatus in consultation with the Committee on Solar Physics and 
the Astronomer Royal. 308 However, he first visited several astronomical observato- 
ries, "at College Romano at Rome, Astrophysical Observatory at Potsdam, New 
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Observatory of Astronomical Physics . ..in the domain of Meudon near Paris" and 
surely Lockyer's Solar Physics Observatory at South Kensington, where particularly 
he took a training in handling the relevant apparatus. 307 Naegamvala compiled a list 
of equipment, and got it approved by Astronomer Royal, Sir W H M. Christie, and 
returned to India His ideas to establish "an astrophysical observatory in India at a 
future date" crystalized further by visiting the above-mentioned European Observato- 
ries To start with, he attempted to shift the site of the observatory from Bombay to 
Poona at the College of Science (presently College of Engineenng). He held simulta- 
neously the posts of the curator of the observatory and lecturer in astronomy and 
optics at the College of Science, Poona 308 

3.6 2 The Equipment and Astronomical Work 

By the end of 1 888 the Observatory was ready and Naegamvala announced its estab- 
lishment by writing to RAS 309 According to him, the principal instruments were then 
• 16V4" silver-on-glass Newtonian by Sir H. Grubb, with a 4“ finder attached, an equa- 
torial reflector by Cooke, and several spectroscopes by Grubb, Hilger, Browning. 310 In 
the following years the equipment was added and continuously improved The 1614“ 
reflector "was adapted both for visual and photographic work" and supplied with elec- 
tric control, a 1 2" siderostate by Cooke and an 8" lens by Grubb for solar spectroscopic 
work, also a 3“ transit and a Morse-type chronograph, a sidereal clock, by Cooke. 311 

It should be noted that this equipment was the most modern one at that time in India 
Even the Madras Observatory did not possess such instruments for astrophysical 
work; Michie Smith was then only making efforts to establish a solar or astrophysical 
observatory at Kodaikanal 313 Naegamvala was doubtless well aware of the excellent 
quality of his equipment. He wrote to Sir Christie : 

"My earnest desire is that this splendid equipment that I have managed to bnng together 

should not lie idle and that I may be put in a position to make use of it ” 313 


In reply Christie suggested 

“It is very desirable that the fine equipment of the observatory should be fully utilised as 
such valuable work might be done with it at a station like Poona near Equator where obser- 
vations of the Sun, Moon, Planets etc. could be made under much more favourable condi- 
tions than in our Northern Observatories India seems to be peculiarly marked out for ob- 
servations of the Sun, especially spectroscopic, ... " 314 


Following the suggestion of Christie, Naegamvala turned out best work on the obser- 
vation of the solar chromosphere and corona, at the time of total solar eclipse on Jan. 
22, 1898 for which he led an expedition to Jeur (Western India). 315 According to the 
late M. K. Vainu Bappu (Director, Indian Institute of Astrophysics, Bangalore), 
Naegamvala's solar work “is the first complete Indian efforts of its kind on record." 316 
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Fortunately, a report of that meticulously planned expedition was printed and is still 
available. 317 Besides, he communicated also his Solar flash spectrum to the 
Astrophysical Journal. The Editor's remarks are noteworthy "Perhaps the most 
interesting feature of the photograph is the prominence shown in two lines H and 
H-delta, but invisible in H & K and the hydrogen lines." 318 

Besides the above mentioned work, Naegamvala indulged also in astrophysical ob- 
servations. He carried out spectroscopy of Orion Nebula, Nebula H- 1, 43 Virgims, 
great sunspot group of Feb. 1892, and also observed the transit of Mercury on May 
1891 , Nova in Perseus on Feb 25, 1901 , and Nebula NGC 6595. 319 

Ironically in the same year 1898, when Naegamvala did his most important work he 
was cnticized in India for "failing to produce any worthwhile astronomical research" 320 
on the ground that he was simultaneously holding a teaching position at the Univer- 
sity of Bombay. 321 As a matter of fact Naegamvala himself was conscious of this 
problem. Already in 1896 he wrote to Christie r 322 

"As long as I am required to teach Physics . . it would be idle to expect me to have either 
the energy or time to accomplish anything “ 

All the same he did stick to his position at Bombay University during his Directorship 
of the Observatory which can be amply understood by the following remarks of Lockyer 
in his Report on Indian Observatories (1 898) . 323 

The chief disadvantages under which scientific men now labour in India are want of pro- 
motion and of graded increases of salary throughout their service Men of Science are 
afterall men, and are no more likely than others to work heartily without any hope of in- 
creased pay or advancement, especially when they are reminded by the promotion and 
increased emoluments granted to those in other branches of the same state service of their 
own waterlogged condition." 

In spite of his best efforts Naegamvala could not secure a graded post even up to 
1899, though the Govt, of India recognised already in 1887 Naegamvala “as practi- 
cally qualified for a graded appointment” . 324 

Along with his two-fold engagement, however, Naegamvala directed the programme 
of the observatory excellently. Vainu Bappu remarks about his solar eclipse observa- 
tion : 

The report of this successful expedition indicates thereof c are and thoroughness that went 
into the planning of the expedition ". 325 

With his work on the solar corona Naegamvala corroborated Lockyer's opinion about 
him “as the only person in India at that time who was well qualified to carry out 
worthwhile investigation into solar physics." 328 
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As a matter of fact Naegamvala's astrophysical work was also praised by Huggins 
(England), Vogal (Germany), Hale (USA) and by Maunder, Vice-President of RAS 
Further, his work was cited in Clerk's History of Astronomy m Nineteenth Century, 
and in the Progress of Astronomical Photography for 1 895 and 1 897 327 According to 
one remark, Naegamvala earned a name in three continents, 328 and it was also con- 
jectured that Sir Norman was "of opinion that the claims of Mr. Naegamvala to be the 
Director of the Imperial Observatory of Astrophysics should not be neglected" 329 
Notwithstanding all the afore-mentioned admiration of Naegamvala's scientific work 
and of his talents, it was decided by the Govt, of India to abolish the observatory after 
retirement of Naegamvala in 1912 The order was carried out, the observatory was 
dismantled and the instruments were transferred to Kodaikanal Observatory For lack 
of time and space we cannot go into the background intrigues of the abolition of that 
excellent observatory, in which the then Director General of Observatories, especially 
the Meteorological Reporter, J Elliot, and also the Director of Astrophysical Ob- 
servatory at Kodaikanal were involved. 330 


3.7. MISCELLANEOUS OBSERVATORIES 
3 71 Observatories at St Xavier's and Presidency Colleges 

The St Xavier's College Observatory (Calcutta) was established in 1875 and initially 
Father Lafont was the astronomer-in-charge. As mentioned before, Father Lafont 
was in close touch with Father Secchi of College Romano and consequently he could 
establish at the St Xavier's College (Calcutta) a good spectroscopic laboratory in 
order to carry out solar and stellar spectroscopic work. As Naegamvala 331 noted, 
there existed then in India only one spectroscopic Observatory, the work of which 
consisted of “the delineation of the forms of the solar prominences and spots with the 

object of supplementing . . similar observation .... (at) the College Romano “ 

Fa.Peneranda, the Director of the Observatory in about 1891 observed also other 
phenomena, e.g. the transit of Mercury, 332 observation of several solar eclipses 333 
However later Fa Francotte shifted to meteorological work, a fifty years report of 
which from 1868-1918 was also compiled by him. 334 

So far as the equipment of the observatory is concerned it may be mentioned that it 
had then valuable instruments, namely “two 9" refractor and reflector equitonals, also 
equatorials of 3" and 4", four transits and spectroscopic equipment. U33S The observa- 
tory is presently meant only for teaching. 

The observatory at the Presidency College was constructed in 1900. It was founded 
by Maharaja of Tipperah, who presented a 4".5 G rubb's reflector. Later in 1 992, an 8“ 
telescope was added It was a gift from the Astronomical Society of India. 338 
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3.7 2 Observatory at Dehra Dun 

Built in 1884, the Hennessy Observatory was meant as the large photoheliographic 
observatory for obtaining 1 2" photos of the Sun. It was named after J B N Hennessy 
who started his survey work in 1844 and by 1883 he became the Deputy Surveyor 
General of the Tngonometrical Branch. In 1884 he retired; he was a Fellow of the 
Royal Society 337 

The photoheliograph mentioned above was not in operation when Lockyer visited the 
observatory in 1898. But he found another one in operation, namely Dallmeyer 8“ 
photoheliograph 338 Lockyer noted the importacne of the observatory (and also one at 
the Mauritius) for filling the gaps in the Greenwich sereis. He pronounced his opposi- 
tion to the shifting of the observatory at Kodaikanal, as suggested by Elliot, the Mete- 
orological Reporter. 

Another observatory built in Dehra Dun in 1886 was named after Maj General C 
Haig (Deputy Surveyor General of the Trigonometrical Branch) To start with the ob- 
servatory was meant as a depository of large astronomical instruments for latitude 
observations They comprised Ramsden's zenith sector, Strange zenith sector, two 
astronomical circles and a zenith telescope; all made by Troughton and Simms (Lon- 
don). It may be noted that the meridian of Dehra Dun longitude station passes through 
the observatory. Both these observatories are no longer in working condition. 

4. THE CONTROL BY ASTRONOMERS ROYAL 
4.1. THE ROYAL SOCIETY 

From its inception in 1 660-63, The Royal Society at London (hereafter abbreviated as 
RS) was also the chief authoritative advisory body for the British Government in 
scientific matters of both national and international importance, though actually it 
was founded for “improving the natural knowledge by experiments". The British Gov- 
ernment sought its advice on calendar (in 1751), geodetic and trigonometrical sur- 
veys (1784, 1791) and, as mentioned before, in the supervision of expeditions for the 
observations of Venus' transits in 1761 and 1769. Fellows of RS were also members 
of the visiting committee for the improvement of Royal Greenwich Observatory (here- 
after as RGO).The RS responded to each government request by forming a relevant 
committee, e.g., a joint permanent solar eclipse committee in which RAS and RS 
were involved. 339 Evidently, the same procedure was followed for scientific develop- 
ment in India. 340 

The Indian Observatory Committee (IOC) was constitued in 1885, by the President to 
monitor the efficiency of the Madras and Bombay Observatories. This Committee 341 
comprised fellows of the i?S and of the Royal Astronomical Society, and of course, as 
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most important member, the Astronomer Royal himself. In 1897, IOC was merged 
with a more general (imperial) Observatories Committees (OC), the terms of refer- 
ence of which were not confined to Indian affairs alone. 342 In 1898 Astronomer Royal 
W H M Christl was appointed the Vice-chairman of OC. 

The IOC and OC played quite an important role in th development of astronomy in 
India 343 However, since the most influential and competent member of these com- 
mittees was the Astronomer Royal, we deal in the following only with his direct influ- 
ence and control of the development of astronomy in India. 


4.2. NEVIL MASKELYNE (1 732-1 81 1 ) 

The first contact of an Astronomer Royal with India dates back to Rev. Nevil Maskelyne's 
Directorship of RGO during 1765-1811 His connections with the early surveyors in 
India definitely promoted Indian geographical surveying, 344 in the development of which 
the origin of observational astronomy in India is to be sought. Among those survey- 
ors, to name a few, were the mathematician and astronomer Reuben Burrow (1747- 
1792)545 w h 0 | S known to have been earlier an assistant to Maskelyne, and James 
Rennel (1742-1830), the “father of (modern) Indian geography", to whom Maskelyne 
explained the nature of the Indian survey. 346 Later on also Maskelyne kept himself 
acquainted with the progress of the geographical survey; it was through him presum- 
ably that Major William Lambton (1753/6-1820) secured the latest literature on geod- 
esy for his work in India. Perhaps even more important than professional advice was 
the encouragement Maskelyne gave to Lambton; Sir G Everest (1 790-1 866), Lambton's 
one-time assistant, related -347 

“To this moment I remember well the gleam of gladness with which my old master used to 
refer to the fact of Nevil Maskelyne's letter It had reached him apparently in an appropriate 
hour when he was surroundedwith difficulties witp this solitary exception, until Professor 
Playfair took the subject up J** he was to appearance forsaken of all, and left to struggle 
alone whilst his labours were treated by all his countrymen with the utmost superlative 
indifference and neglect 1,348 

We may recall that it was still during Maskelyne's time that on the initiative of another 
surveyor, Michael Topping, the first observatory for modern astronomy was estab- 
lished at Madras 


4.3. SIR G. B. AIRY (1 801-1 892) 

The Astronomer Royal (AR), Nevil Maskelyne was succeeded by John Pond (1767- 
1 837) during 1811-1 835 on whose recommendation T.G Taylor secured the Director- 
ship of Madras Observatory. 350 However, presently we do not know whether Taylor 
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had an active correspondence with Pond or Sir Airy, who was in turn the successor of 
the former AR during 1835-1881 351 On the other hand, the excellently preserved 
papers of Airy at Hersmonceux contain his extensive correspondence with various 
astronomers in India, for instance, Wilcox, Tennent and quite substantially with 
Pogson. 353 As mentioned before, AR was one of the most important members of the 
Indian Observatories Committee and was supposed by El Co to supervise its ob- 
servatones in India All the same, Airy's keen interest in or control of the astronomy 
programme in India is illustrated by a few selected examples in the following 

Let us recall the correspondence between Major R. Wilcox and Sir Airy 353 As a reply 
to Wilcox's consultation, Airy advised him “as a general rule (to observe) those ob- 
jects which you find yourself able to measure most easily and most accurately are 
best worth following. . " However, he also gave him a definite advice for observa- 
tions, namely : 

(1 ) "The planets not at opposition but at the earliest and latest seasons when they 
are observable in the morning . . in the evening," 

(2) “The minor planets .. eclipses of Jupiter's satellites and occupations of stars by 
the moon"; 

(3) "The southern double stars", 

(4) “and all the small stars which are near to or included in Herschel's nebula" 

Besides he quite modestly added that it was not for him quite easy to chalk out a 
course for someone else and that his suggestions might be contrary to Wilcox's un- 
derstanding of the situation. 354 

In later years, however, his ideas developed on different lines, when Lord Cranborne 
from India Office (London) called on him in 1866 and discussed with him the mainte- 
nance of Bombay and Madras Observatories. 355 After getting prepared a memoran- 
dum on the aims and objectives of an observatory, 356 Airy observed, "that it is owing 
to the steadiness of plan produced by the definitions of duty contained in the Royal 
Warrant and Admiralty instructions to the Greenwich Observatory, that the Observa- 
tory has been the most useful in the world." And naturally he suggested "a similar 
document together with provision for the periodical reports," for Madras Observa- 
tory. 357 

In that Code oflnstructions which consisted of nine sections particular stress was laid 
on the meridian observations, in order to supplement those of Greenwich, Cape of 
Good Hope and Australian Observatories. Also the Madras astronomers, although 
allowed to do "special investigation^" (i.e. of their own choice), were especially asked 
. not to interfere with the regular routine of the observations" Probably in order to 
ensure the latter it was further asked that “monthly tabular statements of arrears of 
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reduction and publication (i e for annual volumes and reports) should also be submit- 
ted" to the Astronomer Royal 358 Quite a rigid control no doubt 1 However Pogson, the 
Government astronomer at Madras, rightly objected to that type of control. He sug- 
gested that since 359 

"Public opinion would be no check in this country what then is required is that an annual 
statement should be drawn up by the Madras Astronomer, to be submitted to Home Gov- 
ernment, through Astronomer Royal . An arrangement of this character, while securing 
the application of a check upon the Madras Observer, would not subject him to a direct 
pressure from the Astronomer Royal, and I must remark that to place the astronomer here 
under direct orders would cramp the energies of the former, and take away from him that 
independence of feeling which is essential to a successful follower of Science" 

A very sound advice indeed by a real scientist! 

4.4. SIR W.H.M. CHRISTIE 

The successor of Airy, Sir W H M. Christie, appears to have been unaware of the 
Code initiated by Sir Airy According to a remark of Sir Lockyer, "The Indian Govern- 
ment believed the Astronomer Royal in England was in overall control of the Indian 
Observations whereas the Astronomer Royal was equally clear that he had no such 
responsibility." 360 However, Christie did continue some sort of contacts with the as- 
tronomers in India; we have already dealt with his communication (advice) to 
Naegamvala 361 He even came to India himself in 1 898, heading a solar eclipse expe- 
dition and utilized this opportunity to tour a few Indian observatones, viz those at 
Bombay, Madras and Kodaikanal; the establishment of the latter he had effected 
through the Indian Observatory Committee. On that tour the Meteorological Reporter 
(also Deputy Director of the Madras Observatory) Mr. J. Eliot looked after him. 362 
After his return Christie wrote a Report on Indian Observatories , 363 in which he sug- 
gested in particular some modifications to Eliot's proposals 364 for the improvement in 
the work of astronomical and magnetic observatories in India, though agreeing to its 
acceptance "as a sound basis for the reorganization of Indian Observatories." 365 We 
shall not go into other details of that important report here but shall confine ourselves 
to one point only, namely the control, which according to him should comprise i 386 an 
annual inspection "by a Board of Visitors, composed of Surveyor General, the Mete- 
orological Reporter, a couple of Indian Government officials and also an annual re- 
port to be submitted to Committee in England. But Christie was very clear about the 
independence of astronomers working in India. He further added that "nothing should 
be done to weaken the sense of responsibility of the Government Astronomer and 
that he should not be placed under the direction of any other official. He alone should 
be responsible for making the observations considered advisable and for their discus- 
sion and publication." 



434 


HISTORY OF ASTRONOMY IN INDIA 


4.5. SIR NORMAN IOCKYER 

A more comprehensive report on Indian observatories was however compiled by 
Lockyer who was not an Astronomer Royal. 367 That report was in response to a re- 
quest by India Office (London) to inspect the Indian observatones on his return from 
1898 solar eclipse expedition headed by Lockyer himself 368 Lockyer visited all mete- 
orological observatories (Calcutta, Bombay and Madras), magnetic observatory at 
Bombay, astronomical observatories for time at Calcutta and Bombay, general as- 
tronomy at Madras and for solar physics at Dehra Dun and Poona (the Director of the 
latter was Naegamvala). He describes in his report the instrumentation and work of 
each observatory, gives his own critical remarks about Government scheme, and 
administration of the observatories, and argues extensively for the establishment of 
an Indian Solar Observatory at Kodaikanal. Further, he depreciated the non-astro- 
nomical routine work at these observatories, expressed his impression of a lack of 
coordination and control, also of rationalization of work done there. He recommended 
strongly for the astronomers working at those observatories more time to do pure 
research 369 

In short, that report along with the one by Christie exercised a very important influ- 
ence on the further development of modem astronomy in India In fact, we in India 
owe much to Lockyer for the development of Kodaikanal Observatory as a Solar 
Physics Observatory, and which paved its way to become an astrophysical observa- 
tory later 370 


5. THE CONDITIONS OF SCIENTIFIC WORK 

Without going into the details of colonial science policy of the then Government in 
19th century India on which some work has recently been done, 371 we outline in the 
following first socio-economic conditions in which even the astronomers of European 
descent worked in 19th century According to our investigation, 372 the main problems 
of the astronomers then were, 

(i) the emoluments of the astronomers in contrast to administrators; 

(n) the possibility of promotions and a graded service ; 

(iii) the attitude of the colonial administration towards the scientists and scientific 
work, perse. 

The records show that the second Government astronomer at the Madras Observa- 
tory, John Goidingham, drawing a salary of 1 92 Pagoda (1 Pagoda, a gold coin =3-4 
Sonaut Rupee), concurrently worked for a few years as an architect or civil engineer 
also, i.e., as in-charge of all buildings at Madras town. He was allowed to earn a 
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commission of 1 5 p c on the total cost for building and repair in order to suppliment 
his earning We have already mentioned another example of K.D. Naegamvala, Di- 
rector of theTakhtasinghji Observatory at Poona, who was simultaneously working as 
a Professor of Physics at Bombay University. 373 Evidently, such a double employment 
was due to a low salary structure as corroborated by the following evidence. 374 Ac- 
cording to N R Pogson - Director of Madras Observatory 1 861 -1 891 - the Director's 
salary was raised some time in the eighties of the last century from Rs. 672 to Rs.800 
Yet it was quite inadequate and "not befitting his rank in science" For comparison a 
Principal of a high school then got a salary of Rs. 1000, first class officers of the 
Trigonometrical Survey of India drew not less than the same amount, while the start- 
ing pay of the Meteorologist to the Government of India was Rs.1 350. Besides, Pogson's 
assistants - first his son and later his daughter - were just drawing Rs 150, “equal, I 
[Pogson] suppose, to that enjoyed by Governor's coachman or cook, a fifth of that a 
native or East India Deputy Collector." 375 No wonder Pogson had to earn an extra Rs 
250 p.m by supervising meteorological observations, which he could ill afford to 
forego in view of his large family of eleven children. 376 Many a time in his letters to 
Astronomer Royal Sir George Airy, Pogson complained about his low economic posi- 
tion and inferior status to other officers of the Government of India 

A similar opinion was voiced by Sir Norman Lockyer in his Report as quoted be- 
fore. 377 The policy “of treating its [Govt, of India] scientific savants on a different 
principle from that adopted in other department" was surely unconducive to the pro- 
motion of science. Besides, Lockyer also noted the contempt with which the scientists 
were regarded by the British Administrators. In fact according to J.F. Tennant, Direc- 
tor of Madras Observatory (1859-1860) : 378 

“ in high Indian circles men of Science are considered as loafing imposters who trade on 

the general ignorance at home" 

Naturally, Sir Lockyer pleaded for a better status for scientists in India and for the 
recognition of their work. 

So far as the technical difficulties under which scientific work was carried out at these 
observatories are concerned, we may add tfie following Too much routine work like 
overhauling of ship's chronometers, meteorological and magnetic observations swal- 
lowing away the precious time of a good astronomer were probably the main handi- 
caps. It was true for Madras as well as for Lucknow So much so that the Governor 
General even ordered an explanation from Col. Wilcox why a meteorological and 
magnetic register was not kept at Lucknow Observatory 379 Wilcox pleaded "not guilty 
of any lapse, since he was not aware that meteorological registers were supposed to 
be a part of his duties." He further argued . "I have not found any instance of their 
being indebted to any observatory for their meteorological journal.... In short, mete- 
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orology is considered quite separate from the science of astronomy" 380 Despite that 
explanation Wilcox did keep meteorological and magnetic registers and carried out 
those observations regularly. 381 

It was the same case with Pogson at Madras He had to do also meteorology for 
financial reasons, although he was of the opinion that “to require such an officer (an 
astronomer) to neglect his far higher pursuits and dabble in such comparative trifling 
as Meteorology is past all endurance". He equated the indulgence of an astronomer 
in meteorology “as a fall" and lamented at his soiled reputation for the sake of earning 
a few more Rupees by meteorology. 382 He recommended very strongly that “the as- 
tronomer. wherever he may be located should be left alone.. Separation from the 
Meteorological Department of India and perfect freedom from everything which can 
interfere with his astronomical duties should be enforced " He bitterly suggested as 
an alternative that “the observatory should be at once and for ever swept away as a 
luxury no longer needed." 383 

As a tail-piece it may be added that the recommended separation could be brought 
about only in Independent India with the untiring efforts of the late M K V Bappu in 
the seventies, when he succeeded in founding the Indian Institute of Astrophysics, 
situated now at Bangalore. 


6. CONCLUSION 

It is clear from the preceding section that the promotion of the science of astronomy 
(in fact for that matter any basic science) was not the aim of the British Colonial 
Government in India, although the Indian mind was quite receptive and anxious to 
learn the new sciences. We have already cited the example of Raja Jai Singh's use of 
telescope and his association of Jesuits with the astronomical programme at his 
observatories Another ©cample in support of this receptivity is the commissioning by 
Danishmand Khan (Mughal Governor of Delhi) of the Persian translation of the works 
of Descartes and Gassendi, as reported by Jesuit traveller Bernier, who visited India 
from 1 659 to 1 667 384 As a consequence, a channel of communication between India 
and Europe was developing fairly well in 17-1 8th century. However with the com- 
mencement of the colonization of India by the Europeans • Portuguese, French and 
English, in the 17th century and its intensification in the following century, that intel- 
lectual communication between India and Jesuit scholars broke down gradually 385 
The reasons could be : the weakening of the Mughal Central Authority, the rise of 
local rulers, the political manipulation and military successes of well-organized Euro- 
pean colonialists especially British in the disguise of traders, and the resulting chaos 
in the then socio-economic system. The ensuing situation in turn cut off completely 
the patronisation of sciences and arts by Indian monarchs and local rulers-. Last but 
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not the least, the increasing proselytization activities of several Christian missions 
under the patronage of respective European powers bred distrust among Indians 
about the selfish design of the Jesuits and other missionaries. It is no wonder that all 
these socio-political circumstances arrested altogether even the reception of the secular 
knowledge from Europe and nipped the buds of the probable flowenng of a scientific 
renaissance in 19th century India. 


6.1. MODERN ASTRONOMY IN PERSIAN — THE INDIAN EFFORT 

We have mentioned the programme of translation of European physical sciences into 
Urdu, which was sponsored by King of Oudh, Nasiruddin Haydar, in the first half of 
19th century But a number of works on modern European astronomy were wntten 
before and at about the same time, in Persian and or Urdu A selected list follows . 

1. Muhammad Hussayn ibn ‘Abdul ‘AzTm AI-HussaynT Al-lsfahan7 (d 1790 ),Risalader 
ahwal mulk-i farang wa Hindustan (in Persian). The monograph is an account of 
author's journey to Europe during 1772-73, manuscript extant at Aligarh, Bombay 
and Hyderabad. 

2 Abu Talib AI-HussaynT, Risala dar hay'at-i jadid (a monograph on modern as- 
tronomy in Persian), manuscript extant at Rampur, completed in 1798. 

3. Abul Khayr ibn MawlwT ChiyathuddTn, Majmu'a Shamsi (a monograph on Copernicus' 
system), Mss. at Bombay, Delhi and Hyderabad. The Persian ted was published at 
Calcutta in 1826, and its Urdu translation in 1843. 

4. Anonymous, Miftah al-aflak (Key to Heavens) It was first published in Urdu at 
Calcutta in 1833 and later translated into Persian for scholars in 1847, during Wajid 
‘Al? Sha, King of Oudh's time. 

5. MawlwT ShamsuddTn, Sitta-i Shamsiya, a set of Six monographs on various sci- 
ences, one of which is also astronomy It is supposed to be Urdu translation from 
English and was published in 1836. 

It is not the place to describe briefly the contents of the above selected monographs 
It is enough to add that the above-mentioned works deal quite well with the Copernicus' 
system, Newton's and Herschel's contributions to astronomy. They deal also espe- 
cially with the telescope In fact about the same time Herschel's Principles of As- 
tronomy was also translated into Urdu Unfortunately, that wave of Persian works on 
and Urdu translations of European sciences died with the introduction of English 
language as medium of instruction in Indian schools and colleges. Note, that transla- 
tions into Latin of Arabic 386 and Greek works in Europe during 12-1 3th century were 
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the pre-requisite for "the revolution in attitude and ideas" during renaissance which 
Bernal calls "as the first phase of scientific revolution". 387 Thus the imposition of 
English gave a death-blow to the possible scientific revolution even in its birth 

6.2. SUMMARY 

As shown in the previous section, the science policy of the colomcal Government in 
India was not at all conducive to the development of the science of astronomy, carried 
out even by Europeans at the Government observatories. By its very nature the EICo 
and later the then Government of India was interested only in the commercial exploi- 
tation of India and not in any kind of public services like education etc , apart from the 
“production" of English knowing clencal staff especially of lower ranks for its adminis- 
trative machinery In fact it was a patriotic band of Indians, for instance Raja Ram 
Mohan Roy (1772-1833) and Sayyid Ahmad Khan (1817-98), who relentlessly fought 
for the teaching of modern European knowledge, particularly of sciences in the Indian 
schools and colleges, since they became quite conscious of the downfall of the indig- 
enous sytem of education because of its lagging behind with the development of 
knowledge of Europe and also for want of patronage by Mughal Kings, Rajas and 
Nawabs. Though the British rulers were thus compelled to introduce sciences like 
physics and chemistry in the English-medium schools and colleges, yet astronomy 
was not integrated into that system of education, despite its central role in the cur- 
ricula of both Muslim (Persian-medium) and Hindu (Sanskrit-medium) indigenous 
educational institutions.Thus the few observatones established in the 19th century at 
Madras, Bombay and Calcutta remained in effect alien outposts of a foreign science. 
The Directors were naturally all Europeans and almost all Indians employed there 
were kept as mechanical computers, or for menial work. Not a single Government 
observatory was then attached to any educational institution, apart from the private 
Takhtasinghji Observatory at Poona College, which was also manoeuvred into aboli- 
tion after the retirement of its Director K.D. Naegamvala, the first astrophysicist of 
India. 388 

European astronomy in India, inspite of its institutionalization in the sense of the 
establishment of a number of observatories could not become an integral part of 
Indian educational system. This British legacy is being gradually eliminated, though 
with difficulties by those astronomers/astrophysicists who are working at the Indian 
Universities presently. However, this remark does not imply that independent India is 
still lagging behind the modern developments in astronomicai/astrophysical research. 
In fact India has produced in this century one of the few world-renowned astrophysicists 
namely, M.N Saha Besides, by commissioning two 40“ telescopes (of Carl Zies 
Jena) at Nainital and Kavalur, constructing a 90° telescope indigenously at the Indian 
Institutd"of Astrophysics, Bangalore (first Director, Late MK V Bappu), setting up of 
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telescopes, for radio, millimeter and infra-red spectral regions at Ooty, Bangalore and 
near Mt Abu respectively, and by launching of the Indian Satellite Programme, mod- 
ern astronomy in India has already come off age after indenpence 389 With pnde we 
note that these efforts have been recognised internationally, especially by the election 
of late M K V. Bappur as President of the International Astronomical Union (IAU) for 
1 979-82, and by the holding of XIX General Assembly of IAU in India in November, 
1985 
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NOTES AND REFERENCES 


1 Balfour, Vol 1, p 194-195 

2 In Sanskrit it is Vedanga Jyotisa See for an account, Chap 1, Sec II of Dikshit (4) (English 
translation) 

3 Saha Chap V, pp 212-222 

4 Varahamihira, Pahcasiddhantika. 

5 Shukla (a), SB.rya~nddhB.nta, see also Burgess 

6 Pingree (a), (b) 

7 See Billard, who proves this point by satistically analyzing the Indian date 

8 See Shukla (a), note his excellent account of Hindu planetary theory in Chap JV This bigger 
work of Bhaskara I was composed by him in 7th century He was a follower of Aryabhata I and 
a contemporary of Brahmagupta, see also relevant chapters in this volume. 

9 According to EB (Vol 16, p 828) an observatory is defined as ‘a special building for astro- 
nomical research' However we think that observatories should be defined as institutions of 
organised astronomical observations done by a team in contrast to places where such work is 
done by individuals, the latter existed in ancient India, as is apparent from the work of vanous 
Indian astronomers who flourished between A D 5-1 2, see Billard 
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10 Sayih, p 358, also Ansan (c) 

11 Kaye, von Klueber, Blanpied, also Bose et al (Chap 2, p 126), Garret 

12 Sobirov, esp pp 92-102 

13 Kan-Niyazov, see also ZMS, f 2a 

14 Ansari (a), p 165, Ansan and Ghori (a) 

15 For first report see Ansan (b) esp. p 63, for more details see Ghon pp 55-57, also cf Ansari 
and Ghon (b) See ZMS folio 81 at seq Khatima, Muqala som, fasl som 

16 Mss RI-53, Mulla Firoze collection in Cama Research Oriental Library, Bombay 

17 See Al-Tehram Vol 11, p 88, entry No 580 

18 In fact many terms like Optic glass, perspective, perspective glass, trunke-spectacle glass etc Were 
used for telescope originally The word "telescope" was coined persumably by Prince Cesi 
(Head of Roman Academy of the Lmcei) about 1613 but was used systematically in 1620 by 
the Catholic astronomer Josephus Blancanus in his treatise Sphaera Mundi cf McColley 

19 cf Qaisar, pp 34-35 also 71 Qaisar quotes especially the names of Asaf Kh§n, Governor of 
Bengal Sha’istah Khan’s son, Nawab of Patna and the Indian Merchant Rustamji who purchased 
it from English factors, see his footnotes No 117-122, 163 

20 cf Tek Chand's BahSr-i ‘Ajam It is not clear to us why Sobirov assumed merely the possibility 
of the use of telescope by Jai Singh It appears to us that Sobirov could translate the word 
durbin only as "optical instrument", and not as telescope, though the latter translation is found 
in some Indo-Persian dictionanes of 18-19 century 

21 Moraes, also MaClagen pp 133-134 and Soonawala 

22 We do not have a definite proof, but how could then Jai Singh get constructed a telescope 
without owning a model 

23 Mercier has tned to show "that all tables of the zTj concerning Sun, Moon and planets are taken 
directly from La Hire's work. They in no way depend on observations made in India" This 
opinion is contradicted by the very first question which Jai Singh put to Father Calmette (cf 
Mercier's appendix A) It concerns with the disagreement between observed Moon's longitude 
and the value calculated according to La Hire's tables The discrepancy amounted to V* minute, 
cf preface of ZMS, f 2b In other words, that question particularly (and others also) indicates 
clearly that Jai Singh's astronomers were observing and also that they were not following the 
Frenchman's tables blindly In fact, the questions were posed especially to understand the 
underlying geometrical model of La Hire, see also Ansan & Ghon (b) 

It may be added that only a very badly transcnpt of La Hire's tables from the edition of 1727 
is extant in Jai Singh's Librry at Jaipur It was presented to him by Joseph Du Boio on Sept 
10, 1732 The 3-volumes tables of Joh Flemsteed Historm Coelestis Britanmca, London (1675- 
1689) were acquired probably later. 

24 For the first report on the diagrams see Ansari (c) 

25 Cf also Volodarsky, p 190 He defines it as the early prevalent opinion according to which ''the 
totality of modern world mathematics (for example) was created exclusively by the European 
scholars The role of other non-European scholars then turns out to be at the most as passive 
receptors of antique Greek tradition and as communicators of Hellenistic knowledge to the 
Medieval West Europe " This Eurocentric view of the development of World-Science is shown 
to be completely false by the soviet histonans of science particularly, see Volodarsky for 
details In the last three decades several historians of science in West Europe have also 
negated the early prevalent "Eurocentnsm" by their work 

26 Kaye, P. 48 Strangly enough he also quotes Khan's onginal book Athar-al-Sanadid, II Edition, 
Delhi 1852 In this particular edition (and not in the first) Sayyid Ahmad Khan listed the telescopic 
rediscovenes and Jai Singh's interaction with the Jesuits quite in details with reference to the 
zij itself, see also Ansari (b) esp 63 

27 De Tassy p. 542 

28 Kaye, p. 48, 89, 6 and 83 Note that the first use of telescopic sights was not in 1667 but in 
1634 by Jean Baptist Morin (1585-1656) see King, p 94 

29 Van Helden, p 42, emphasis ours 

30 Allen, p 301. 

31 Van Helden, p 55 

32 Cf the excellent descnption of Allen, also King 

33 ft has been reported that the Jesuit cartographer Boudier employed in India a telescope of 20 
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ft for his observations of Jupiter's satellites, see section 2 1 However in Europe Huygens, 
Cassini and Hevelius got constructed telescopes of 123 and 140-150 feet respectively One may 
imagine especially the difficulties of installation and stability problem of such huge telescopes, 
suspended from a mast and operated by a system of pulleys, see King for details In contrast, 
Jai Singh's masonary instrumenta had not at all any of the above-mentioned problems 

34 Auzout (1622-1691) reinvented the micrometer in 1666 See King, Chap IV, p 93 seq Repsold, 
pp 41-42 and also Brandt 

35 See King p 100 For an excellent summary of the correspondence between Hevelius and 
Flemsteed, consult Forbes (a), p 34-39 

36 Quoted in King p 100 

37 King, p 51, Repsold pp 36-39 

38 Forbes (a), pp 38-39 

39 Repsold, pp 39 and 36 

40 Allen p 31 1 Actually a parallel but more significant development was the invention of reflecting 
telescope by Gregory (1663), Newton (1671) and Cassegrain (1672) Modern telescopes of very 
large light-gathenng power are all reflecting ones For telescopes installed recently in India and 
future Indian astronomy programmes see the article by Bhattacharya in this volume 

41 Cf Forbes (b) for the origin of this idea 

42 ZMS, f 46 et seq, Maqala III, Bab 1, fast 2 

43 In the text of ZMS, we have sought in vain for the mention of heliocentnc system The 
sentence, which according to Sobirov's (p 107) translation reads " First of all it is important 
to note that these orbits are of elliptical shape In one of the centres of which the Sun exists 
(by the centre of the ellipse Jai Singh means its focus)", is not extant in the manuscripts of 
ZMS available to us A somewhat similar model was also given by the Jesuit I Kogler in his 
Chinese treatise (ca 1742), see for Chinese parallel sec 2 2 2, also Nakayama p 174„ Sivin 
pp 91-92 

44 Schofield (a), esp p 295, cf also Schofield (2), Recall the elliptical orbits of Jai Singh, 
mentioned above 

45 For details, see Hartner 

46 Dijksterhuis, p 300 

47 Johnson, p 285 According to him only one text-book by Albert Lomcerus (Cologne, 1583) is 
recorded in contemporary bibliographies 

48 Dijksterhuis p 299 

49 Cf a parallel situation in China, sec 5 2 2 

50 Johnson, esp pp 286-289 

51 Ansari (b) and (d) 

52 The motivation for practical astronomy was in fact inherited by Europeans from the Islamic 
astronomers, who were the pioneers in building observatones nght from 9th to 16th centuries 
The most famous observatones were at Maragha (founded in 1259), Samarqand (1420), Istanbul 
(1575-77), to name a few, cf Sayili, Ansari (h), Ansari and Ghori (a) 

53 The predecessors of European explorers/geographers were the Arabs and Chinese, for naviga- 
tion in Indian Ocean and the China Seas, see Needham (a) 

54 A chronometer was teken by Commander James Cooke during his second Voyage (1725-75), 
E B edition 1966, p 142 

55 E B edition 1932, p 141, emphasis our 

56 Cf E B (1966), p 832 One such atlas produced by the famous firm of Joh Baptist Hoeman 
(1664-1724) was brought by the Jesuits for Maharaja Jai Singh, see sec 132 above 

57 The Knotty problem of longitude at sea could be solved satisfactorily only in early 20th century, 
see section 2 3 

58 This was exactly the case in India, compare for instance the astronomical activities of Maharaja 
Jai Singh or for that matter of emperor Muhammad shah (reigned 1718-48) and of NasTruddln Haydar 
(reigned 1827-37), see section 1.2, 1 3, 3 3, 3 4, and 3 6 

59 Pannekoek, p 278 This state of affairs could not occur in India. The scientific renaissance 
initiated by Jai Singh in the 18th century was nipped in the bud by colonisation of our subcon- 
tinent by several European powers, cf last concluding sec 6 Only in independent India the 
governmental patronage has been achieved satisfactorily 

60 The successor of the first director of the Paris observatory, Cassini (1625-1712), was La Hire 
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Recall that a transcript of his tables was presented to Jai Singh about 1730 and astronomical 
tables of Flamsteed (1646-1719), the director of Royal Observatory at Greenwich, are also 
extant at Jai Singh's library, probably of later acquisition 

61 See below sec (2 3), p 32 for La Gentl's expedition 

62 Achromatic lenses for telescope were tned first by Chester Moor Hall of Essex (England) and 
satisfactorily developed by John Dolland in 1758, using combination of convex and concave 
lenses of crown and flint glass That type of invention presupposes a well-developed glass 
industry, cf E B. (1966), entry "telescope" 

63 In the following century it spread to other European countries and to USA 

64 Father Adem Schal published a treatise on telescope in Chinese in 1626, cf Needham, Vol III 
p. 444 See also p 445 for the anti-Copermcan attitude of the French Jesuit in China 

65 According to the German Jesuit Father Joseph Neugebauer, who wrote about 1741, cited in 
Huonder, p 86, see the final paragraph of this section 

66 Hastings, Vol 8 p 714 It may be added here that the Malabar Chnstians claim that apostle 
Thomas himself founded their Church Further, that St Thomas met his martyrdom about 50/ 
53 A D near Madras In any case, by the third century A D the Syrian Orthodox Eastern 
Church was well-established That Church was known to the West for the first time in 1500 
by the Portuguese cf Balfour (London) p 713, and E B (1932) Vol 15, p 575, Vol 14, p 558, 
657 et seq 

67 According to an estimate 1,500,000 — 2,500,000 missions existed in India by 1700, Hastings, 
Vol 8, p 714 

See MaClagen, relevant chapters 
Cf MaClagen, Chapters II, III, IV & VIII 

Cf Phiilimore, Vol 1, p 209, 11, for the map see plate 10 facing p 148, also quoted therein 
Vol III, p 704 For an excellent life sketch of Monserrate see Vol I, pp 357-358 
Phiilimore, Vol I, pp 11, 169, 238 

Ibid, pp 238-239 The French geographer Jean-Baptiste Bourguignon d'Anville famous for his 
map of India, published in 1752, ibid , p 210 

Cf Rao et al for details The authors are of the view that Richaud was first to use a telescope 
on Indian soil. 

Cf Noti p 93 For details of these observations, see Letters , Vol XV (1781) p 3 etseq , new 
edition Vol. XV (1810) pp. 269-290, in which only 60 Indian cities are listed, whereas Father 
Tieffenthaler (Vol II, pp. 136 & 201) lists under his name a table of only 22 cities 
Letters , XV (1810), P 279-288 
Ibid, pp 273, 288, see also Sharma 

ibid , pp 284-85 See also Mercier for a detailed account of aperture gnomon, pp 161 and 171 
Mercier tabulates and discusses also on p 165, Boudier's observations of zenith distance of 
the lower limb of the Sun see also Sharma 

78 See Gaubil's Correspondence with Delisle (of Royal Academy of Sciences at Paris No 142 (July 
1734), p 372 Father Gaubil is especially famous for his treatise on the Chinese astronomy, 
published for the first time in Pans in 1732 A copy of this treatise is extant at Jai Singh's 
Library at City Palace, Jaipur Father Antonio Gaubil (1689-1759) was an astronomer by training 
He worked under Cassini at the Pans observatory and corresponded actively with well-known 
European Sciences and also with Royal Society, cf Needham, Vol 3, p 182 Needham cites 
in his bibliography his twelve works 

79 Gaubil to Delisle, dated Peking 18 Nov 1751, English translation published in Philosophical 
Transaction , pp 313-318 (1753), see also Gaubil's Correspondence, 254, p 654-656, the same 
opinion in Ibid, No 225 of 30 Nov 1748, p 585 

80 Ibid, No 225 of 30 Nov 1748, p 585 

81 As late as 1793 Rennel used Boudier's values for the geographical coordinates and also his 
survey and his general map of Bengal of 1774/ Phiilimore, Vol I, p 315 

82 Quoted by Phiilimore, Vol I, p 314. 

83 Gracias, p 193 See also Moraes p. 6 % where he also refers to the researches Copernicus, 
Brahe, Kepler, Galileo and Newton These researches are, however, not mentioned in the original 
reference cited by him 

84 Cf. Gracias p. 199. Nob pp. 91 and 92 We have checked at the City Palace Library at Jaipur, 
where no pnnted version of La Hire's table exists, only a manuscript transcnbed by Joseph Du 
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Boio from the edition of 1727 is extant there It is Sept 10, 1732 For details of Jai Singh’s 
embassy refer to Moraes, Soona and Maclagen pp 133-134 

85 Cf Periera, No 24, p 38, No 25, pp 38-39, Gracias pp 193-195 

86 Anton Gabelsberger of Mainburg (Germany) came to India in 1736 and in 1738 accompanied 
Strobel (see below) to Jaipur where he died in 1741 Nothing is known about his academic 
activities, cf Huonder p 175, Noti p 95, footnote 1 

87 Andreas Strobel of Schwandorf (Germany) came to India in 1736 and accompanied Gabelsberger 
to Jaipur After the death of Jai Singh in 1743 he went to Agra, came to Delhi in 1745 
According to Huonder (p 179) he was received with honour by the Mughal emperor who 
appreciated highly Strobel's knowledge in Mathematics, Astronomy, Mechanics and Gnomomcs 
However, in none of his four letters to his brother we find any specific mention regarding his 
academic activity It is not clear how Noti (p 98)claims that Strobel assisted in the translation 
of Napier's logarithm-tables and a work on conic-section into Sanskrit 

88 Phillimore Vol I, p 86, see also Letteres , 12 (Pans 1843) pp 610-611 and Mercier p 159 

89 Noti (p 95) gives the year of his death as 1785 However, Huonder gives 1770 according to 
Muellbauer'S Geschichte der katholichen Mis s Lone n in Ostmdien p 287 It appears to US that 1 785 
is the correct date, see biographical sketch by Phillimore I p 388 Tieffenthaler was born in 
Bolzano (Tyrol) and had been a professor of humanities, Huonder p 179, Maclagen p 137 

90 His surveys were used by Rennel for his Map of Hmdoostan (edition 1788) and byThomas Call 
for his Atlas of India, see Philimore Vol I, 12 

91 Cf Tieffenthaler, Vol I, p 26-27, 366-67 See also Phillimore, Vol I, p 150 

92 Tieffenthalar, Vol I, pp 366-367 

93 Ibid, pp 5, 222 But nowhere he mentioned the use of telescope, without which he could not 
have observed the eclipses of Jupiter's satellite 

94 Ibid , Vol I, pp 88, 143, 163, 223, Vol II, p 246 The observatory at Mathura is no longer extant 
and Tieffenthaleris account of it is indeed unique. 

95 Cf Tieffenthaler, Vol II, Part I, p 54 In fact, he knew Persian quite well and quoted, for 
instance, from the Tadhkira as-Salatin (History of Kings), ibid Vol I, p 55 

96 Phillimore, Vol I, p 388 

97 According to Needham, “he was the seventh member fo Cesi Academy, having being elected 
after Galileo (Needham, Vol III, p 444) 

98 Schall was the first director of Chinese Astronomical Bureau from 1645 to 1666, ibid , p. 445 

99 Verbiest was SchalPs successor as a director, dunng 1669-1688. In 1673-74 he set up Tychoman 
type ecliptic armillary sphere, (ibid, p 352) 

100 He was the direct of the Bureau (1720-46), and built a Chinese type equatorial armillary sphere 
in 1744, ibid, p 352 His observations of the eclipses were used even in Europe Huonder, p 
88 

101 Director of the Bureau (1746-74) He did also excellent work on the Satellites of Jupiter and 
compiled "all the astronomical observations carried out by Jesuits dunng 1717-1752", Huonder, 
p 89 

102 Clavius (d 1612) was the leading astronomer of the ecclesiastical commission for the reform of 
the Calender He confirmed the telescopic discovenes of Galileo Pannekoek p 220 

103 Needham Vol III, p 444, also footnote (d). 

104 He was present at the reception of Galileo, when Clavius welcomed Galileo at the Roman 
College after confirming Galileo's telescopic discoveries, ibid p 444, footnote (a) 

105 Needham Vol III, p 448 As mentoned before Gaubil had also his astronomical training by 
Cassini at Paris observatory. 

106 We give only the equivalent titles In English, for Chinese titles refer to the original source. 

107 According to Nakayama (p 84), Ricci's other collabotators were Emmaunuel Diaz and two 
Chinese students of Ricci (for his other works see p 96, footnote 2) 

108 Sivm p 76, Needham III, p. 447 

109 Needham III, p 445, Sivm p, 76 

110 Needham III, 445, Sivin (p 80-81) give quite a bit of details of this work. 

111 Nakayama p 171, also footnote 107 

112 p 11, footnote 3 

113 Sivin p 91-92, also Nakayama p 174, emphasis ours 

114 That is, in spite of a multitude of treatises in Chinese on Western exact sciences 
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115 Sivin pp. 91-92 Recall here Jai Singh's model of planetary motion, as given in his zij, section 
1 32, p 11 

116 An enormous amount of literature (based upon original sources) on the introduction of the 
Western Science/astronomy in China as well as in Japan is available today, see Needham, 
Sivin and Nakayama On the contrary almost no work of comparable size and standard has 
been done for India There is no dearth of Jesuit sources in French, German and Portuguese, 
see also Mercier 

117 According to O'Malley the Indian Muslim mind was quite receptive to learning He quotes 
Bernier who was commissioned by the then Governor of Delhi, Damshmand Khan for the above- 
mentioned venture, O'Malley, pp 16 & 390 

118 Note thattheSociefr for Promoting Chnstian Knowledge was founded in India already in 1698, see N N 
Law, Promotion of Learning m India (Longmans, 1 91 5, p 17) 

119 Needham, Vo! Ill p 457, see also his section 20(3) 'Western' Science or 'New' Science, for details 

120 Already in 1597, a Church was established in Lahore, see Bhattacharyya, p 562, (Chapter 39), see 
also Stocklein, Letter No 595 (1735) from Father Figuieredo in which he describes the various mis- 
sions in Mughal India 

121 He wrote World Map with Illustrated Explications , for the Chinese Emperor His manuscript was in 
circulation among the Chinese astronomers up to 1799, it was printed in 1802-1803, Sivin p 94 et 
seq 

122 See the Concluding Section, for details 

123 EICo took control of Awadh already in 1 801 , and when Maharaja Ranjit Singh died in 1 839 it suc- 
ceeded in expanding its authority to Punjab by 1 846 After suppressing the first Indian Revolution of 
1 857, the Company was the sole political authority in India whence its power was transferred to the 
British Crown 

124 Cf Phillimore, Vol l.p 369 et seq for an excellent biographical sketch of Rennel In 1759 he came 
into the service of EICo and was appointed the Surveyor General in 1767 

125 Ibid, p 148 Rennel compiled a map of Bengal (1 760-77) and by 1 782 his famous, The Map of Hindustan, 
in which he used also the geographical observations of Boudier, T leffenthaler, Grubner and of many 
engineers/surveyors of EICo 

126 Phillimore Vol 1, 154 He came to India as a private tutot and was a keen astronomer, see for his 
biographical sketch, ibid , p 384 

127 Ibid, pp 154, 200 and 384 

128 Cf Phillimore Vol I, p 361 et seq for biography 

129 Ibid, p 154-155 He also instructed in astronomy Robert Colebrooke (1762/3-1808) who was his 
assistant and later Surveyor General of EICo. 

130 Though the use of time-keeper was pointed out first by Gemma Frisius in 1 530, yet really good marine 
chronometers were invented by the Yorkshire carpenter J Harrison during 1 729-1 760 For his fourth 
time-keeper he secured the British award of £ 1 0,000 (see above) For India mostly another English- 
man Arnold's chronometers were supplied by the EICo, see Phillimore Vol I, p 202 also p 155 For 
details of this problem see Forbes (c). 

131 Forbes (d) p. 78-79. Cf also Phillimore Vol I, p 151 where the rewards are £5,000, £7,500 and 

£10,000 

132 It has been reported that in 1 674 the Frenchman Sieur de St Pierre claimed to have discovered a 
method to determine the longitude and it was actually the assessment of that claim by J Flamsteed 
and on whose advice later that King Charles II founded the Royal Observatory at Greenwhich in 1 675, 
cf Laune p. 3-5 

133 Cf Forbes (d) pp. 82, and 149, Pannekoek p 284 From the observations of the transit of Mercury 
occunng in 1723, 1736, 1743 and 1753, the longitude difference between Paris and Greenwich was 
found to be 9 m 1 6* Bedises, the transit observations were also used for determining the solar paral- 
lax. For example, from the transit of Venus in 1 769 vanous observers deduced the value 8 55"-8 88", 
Pannekoek p 286. 

134 The first observed transit of Venus occurred on Nov 24, 1 639, which was recorded by a student of 
Kepler, J Horrocks Fora recent appraisal of his work see, Applebaum The transit of Venus occurred 
in 1 874 and 1 882, none in this century and it is predicted for occurrence on June 8, 2004 and June 6, 
2012; M E S.T p. 51 

135 Forbes (d) p 8 and p 1 19. For the criticism of the method of eclipses of Jovian satellites, see ibid p 
13. In this connection it may be noted that the Bntish House of Common's Committee set up for the 
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longitude problem in 1713, consulted even Sir I Newton for his opinion, ibid p 78 

136 Quoted in Phillimore, Vol I, p 153 It is important to note here that not only the practical applications 
of astronomy motivated the Directors of EICo, but also the possibility of astronomical discoveries 
However as we shall see in the following sections, Western Astronomy in India remained in the hands 
of EICo initially as an instrument for geography and navigation, and later subservient to the Astrono- 
mer Royal's programme In fact, astronomy could not become a scientific discipline (even at Indian univer- 
sities) neither during the Bntish period nor in independent India for quite some time, cf the concluding 
section 

137 Court dispatch to Bengal, dated 16 3 1768, Phillimore Vol I, p 153 

138 Le Gentil had been one of the assistants of Cassini (1 625-1 71 2), the Director of Pans Observatory 
He published detailed accounts of his voyages in the Memoirs of the Royal Academy of Science 
(Pans), 1779 and 1781 Cf Phillimore vol I, p 169, Pannekoekpp 286-287 

139 For his biographical sketch see Phillimore Vol I, p 316 et seq , and for his work p 155 et seq 

140 Phillimore Vol l,p 155-156 

141 For instance, "of dip and variation of the compass, refraction and its venation with regard to heat, 
moisture ", Phillimore, Vol I, p 157 

142 Ibid, p 1 60 

143 /feirf.pp 162-163 

144 Ibid,w 164-165 

145 Phillimore Vol I, p 163 

146 Ibid, pp 316, 156, 1 61 , 268 He even wrote to the then Governor General Warren Hastings “for the 
value of research in Hindu writing on astronomy, and study of Benaras Observatory" Ibid , p 150 

147 Robert Colebrooke, the Surveyor General in 1 794, took the chair from Burrow, ibid, p 1 67 

148 Phillimore, Vol I, p 170-172 

149 Phillimore Vol I, p 172 

150 See Ansari (d) and (f), Besides those listed here, 59 meterological observatories at vanous Indian 
cities and towns were founded by India Meteorological Department (established in 1 875) The history 
of those observatories is also quite interesting but it does not lie in our purview, see for details I M D (a) 

151 Love, Vol III pp 319-321 , 345 and 415, where original references to the record are given See also 
Topping's own description/report It is dated 24 12 1792 

152 Francis, p 373, see also Markham pp 328-346 and Phillimore, Vol I, p 171 

1 53 Bose et al , p 494 Note a very brief account of the astronomical work done at Madras on pp 505-506 
For the first detailed account, see Ansari (d), on which much of the present account is based 

154 Phillimore Vol I, p 170, for his biographical sketch see ibid pp 389-393 

155 Here this tomb is erected, ibid , p 389 

156 Love Vol III, p 345 

157 Phillimore, Vol I, p 172 

158 Ibid, p 347, where original records of 1787-88 are quoted 

159 He was a member of the Madras civil service and a keen astronomer In 1 807 he acted as Governor 
of Madras and Governor of PWI till his death on 27-10-1816, Phillimore Vol I, p 171 According to 
Topping "Mr Petne's observatory was, , the first establishment instituted by any European", Top- 
ping p 2 

160 Topping p 2, Michie-Smith (a) 

161 Love, Vol III p 347 

162 Phillimore Vol l,p 172 

163 See the following section. Goldingham was also an assistant to Petrie for some time and later as- 
sisted Topping in his surveying work 

164 Phillimore Vol I, p 174 

165 Phillimore Vol I, p 173, For see also Love Vol III p 417, where Topping's row with Major Manle on his 
design of the observatory is also dealt 

166 Topping p 5, See for the inscnpton on the pillars 

167 In the words of Sir Archibald Campbell, cf. Love, Vol III p 346. 

168 Phillimore Vol I, p 173 

169 Goldingham 

170 Phillimore Vol II, p 196 

171 Goldingham 

172 Michie-Smith (a) p 2, see also J Elliot, Climatological Atlas of India, see Introduction 
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173 Phillimore, Vol III (1815-1830), esp pp 186-187 See also ibid Vol I, (1830-1843) p 115 

174 Phillimore Vol II p 196 

175 His father Thomas Taylor was the first assistant at the Royal Observatory and Taylor jr took actually 
the profession of an astronomer on Pond's suggestion, Phillimore Vol IV, p 469, see also Markham 
pp 329-330, D N B Vol 19, p 471-472 

176 Cf Taylor 

177 Herschel esp p 27 

178 Op cit DNB Vol 19, p 472 

179 Ibid 

180 DNB Vol 10, p 560 

181 Cf section 3 5, for his work at his private Observatory at Poona 

182 Ibid See also Markham, p 330 

183 He engaged himself in the observation of proper motion of 400 stars, Markham p 330 

184 See Ansan (d), p 245 where inadvertantly it is stated that Tennant took charge from Jacob 

185 Cf. Herstmonceux Archives, Airy papers, Record No 743 (1 859-60), New signature KB There are a 
number of letters of Tennant to Airy in this lot, eg dated Jan 19, March 26, July 7 (1860) In these 
letters he corresponded directly with Airy on personal level, rather on official level through the Govern- 
ment 

186 Cf Printed records : Public (Home Dept ) Proceedings Dec 1 8, 1 869, attached therein the letter from 
Col J T Walker to Under Secretary, Govt of India, dated Feb 11, 1870, pp 1-2, item 6 and 8 

187 Op ci t, his letters to Airy 

188 He was elected as a member of RAS already in 1855, see his obituary notices in Proc Roy Soc 92 
(1916), pp x-xivandMon Not.RA.S 76 (1916), pp 272-76 In the following we utilise these obituaries 

189 He got excellent result even by using wet colloidal plates In fact he became such an expert in 
photography that he was chosen as the British delegate to the Astrographic Conference, held at Paris 
m 1 887 ,ibid t Mon Not RAS 

190 CfMon NotRAS (1872) p.254, quoted in his obituary notce in Mon Not RAS 76 (1916 esp p 275 
It may be noted that his correct conclusion that Corona is the atmosphere of the Sun was indirectly 
against the prevalent ideas about its origin as "a terrestrial, or perhaps a lunar phenomenon", cf op 
cit Proc Roy Soc 

191 Mon Not RAS 76 (1916), pp 275-276 He published about 50 paper in Mon Not RAS and 5 in 
Memoris RA S 

192 Michie-Smith (a) 

193 He had been even the Director of John Lee's Observatory at Hartwell, cf Markham p 331 , D N B 
Vol 1 6, also Af on Not RAS, 52 (1 892) 235-237 

194 D N B Vol 16 See below in the following footnote 

195 Markham p. 332-34. It is strange that in Encyclopaedia Britanmca (Vol 2, p 634, entry 'asteroid') 
Pogson's discovenes are not mentioned Some other minor planets discovered by him are Amphitrite 
(1854), Isis (1856), Anadne (1857), Hestia (1857), also Vera (1835),see Shearrman, esp p 483 For 
the discovery of Isis, he was awarded the Lalande medal of French Academy 

196 The pnncipal vanables discovered by him are R&S Ursae Maoris, R Libra, U Scorpu, T, S and R 
Ophiuchi, T, R& S Sagittari, R Cephei, U Capncomi , R Cassiopeme , Shearman , p 483 

197 Cf the following section 

198 DNB Vol 16 

199 Markham, p 332. He also found in 1860 independently a new star in the globular cluster in Scorpio, 
i e., Messier 80, Shearman, p 481. 

200 Ibid, p 335. 

201 DNB Vol 16. 

202 He was however not satisfied and longed for being the Fellow of The Royal Society See also section 
5 for his dissatisfaction and difficulties It may be mentioned that he had an active correspondence 
with Astronomer Royal Sir George Airy 

203 Madras Mail. Feb. 7, 1 880 (Sat. evening), Herstmonceaux archives 

204 From 1 899 to 1 91 5 he was the director of Kbdaikana! Observatory 

205 Michie-Smith (a), p. 3. 

206 Elliot, p 11. 

207 Ibid 

208 To this decision of the Government, the Madras Famine of 1 876-77 had also contributed, since the 
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enquiry commission of the Government had confirmed a correlation between the seasonal distribution 
of rains in India and the Sunspots periodicity Sir Norman Lockyer's role in establishing this correlation 
on world-wide basis has been dealt in detail by Meadows, see esp p 125 et seq We may however 
mention here his Memorandum in which he described his efforts to establish the Solar Physics Ob- 
servatory Quoting the European Examples of Solar Research done at Potsdam, Pans, Rome and 
Palermo etc , where the observatories were often interrupted due to climate, he cited the "state of 
things in India, (where) one can obtain observations of the finest quality in sufficient quantity 
all the year round " He then pleaded at least for a good photograph of the Sun's disc in India In fact 
he succeeded in getting a heliograph erected at Dehradun, where one Mr Meins (trained by him at 
South Kensington) began taking solar pictures already in 1 878, Lockyer (a) p 1 9-20 

209 Francis, p 373 

210 I M D (b). pp 2-3, see also the obituary notice, Michie Smith (b) 

21 1 It may be added that in the seventies the Kodaikanal Observatory ceased to be under the supervision 
of the India Meteorological Department It is now one of the constituent observatories of the Indian 
Institute of Astrophysics, Bangalore, see the Contribution of Bhattacharya in this volume 

212 Markham, p 340 

213 EB (1 966) Vol 12, p 847 

214 The Madras Observatory is neither indexed [ibid, Vol 23), nor even mentioned in the entry 'Madras' 
(Vol 14, p 556) Only in Vol 16, p 832, in the entry 'Observatories', its year of establishment (1 792) 
is mentioned under 'Solar Physics Observatory' In the section 'Colonial Observatories' (Vol 16, p 
829) where it could have been treated, it does not occur at all In the edition of 1 932, (i e E B 1 932, 
Vol 13, p 473), under 'Kodaikanal', it is however mentioned that “it contains a government observa- 
tory, well-known for investigation in terrestrial magnetism, seismology and Solar Physics" Just by 
three lines the "history" of Kodaikanal observatory is disposed of in E B (1 932) Vol 1 6, p 674, under 
"Modern Observatories of 20th century" 

215 Phillimore Vol III, p 187 

216 Ibid, p 1 88 

217 Ibid, p 189, for biographical sketch see ibid Vol IV, emphasis ours Waugh is perfectly right in using 
the word appendage In fact the whole astronomical activity was subservient to geography and/or 
navigation and later to the dictates of the Astronomer Royal, see section 4 In other words, astronomy 
was not promoted as a scientific discipline by the then Govt of India, see section 5 for its science 
policy 

218 Phillimore Vol III p 188, Bose et al p 512 

219 For a sketch of that theodolite, see Bose et al, p 513 

220 HlS researches were published in J Asiatic Soc Bengal 9 (1 840) 75-80 and Memo Roy Astron Soc 3 
(1829) 344-358, as quoted by Phillimore Vol III p 189 

221 Phillimore Vol IV p 113 

222 Report of the Council 

223 Thornton p 311 

224 But he did not attribute the same distinction to Madras 

225 ‘All, p 21 'All gives also a photograph of this Kothi 

226 Nevill, pp 152,208-210 

227 Markham, p 328 

228 Phillimore, Vol IV, p 215 etseq 

229 Ansari (d), esp p 249 The present section is based more or less on that account. We have tried to 
upgrade that account, only to some extent due to lack of time at our disposal, by drawing on new 
material 

230 Haydar, p 40 et seq The first edition is not available to us. For an English translation of the relevant 
portion see, onginal records F(P)C, Nos 130-136, Oct 6, 1849. Hereafter we use the following 
notation, PC for 'Political Consultations' and F(P)C for 'Foreign (Political) Consultations' It may be 
mentioned that Haydar completed his history already in 1 848-49, but could not publish it The author of 
this article has seen the onginal manuscript of this work, in Lucknow recently It is in the possession 
of Mr Ra'Ts Aghi (Editor of'Ajam), Gola Ganj, Lucknow The account of the observatory therein is a bit 
different from the one in the printed one According to this manusenpt the birth & death years of Haydar 
are 1794 & 1881 

231 Letter from King of Avadh (the wrong English Orthography is Oudh, which we will have to use, since 
it is found in the records) to Assistant Resident in Lucknow (in Persian), dated Sept 8, 1 831 , English 
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translation in PC, No. 31, Oct 28, 1831 

232 Capt J W Herbert (1791-1833) was then the Deputy Surveyor General and Supenntendent of the 
Revenue Survey He was especially known for his leading part in the activities of the Asiatic Society 
Of Bengal and was the editor Of 'Gleanings m Science' - the forerunner Of the 1 Journal of the Asiatic 
Society of Bengal' , Phlllimore, Vol IV, p 457-458 

233 This was quite a generous sum Compare it with that of the Government Astronomer at Madras, 
namely, Rs 800/- per month, see Pogson's letter to Airy, Dec 2, 1876, Airy correspondence on 
observatories. No 749 (New classification), Herstmonceux Archives We shall discuss this point in 
section 5, on Science Policy 

234 Kamaiuddln Haydar, the above-mentioned historian, was appointed as a translator He claimed to have 
translated 19 works in Urdu, Haydar, p 42 Several of these are available in well-known Indian Librar- 
ies, e g , Salar Jung Museum Library at Hyderabad, Khuda Bakhsh Oriental Public Library, Bankipur 
(Patna) 

235 PC, No 31 Oct 28, 1831, Letter from Assistant Incharge to Governor General through the Secretary 
of Govt of India. Hereafter without these details only the reference will be given 

236 Phlllimore Vol IV, p 1 1 5-1 1 6 

237 Mrs Herbert a native of Oudh was presented a generous grant of Rs 1 0,000 by the King on his own 
desire, PC, No 71 of Dec 5, 1833 

238 On the request of the King, the Governor General selected Major Wilcox out of a number of appli- 
cants, “on account of his scientific acquaintance and general good character," PC, No 37, Feb 1, 
1834, No 48 of Jan 15, 1835 and No 2 of Feb 5, 1835 Wilcox was the first assistant under Maj 
Everest of the Grand Tngonometric Survey Wilcox was appreciated for his "temper and pnnciples", 
PC, No 1 of Feb 5 1835 According to Waugh, "he had, moreover another rare qualification which 
pre-eminently fitted him for the post of Astronomer at a native court He was a distinguished oriental 
scholar," Phlllimore, Vol IV p 115. See biographical sketch, Phlllimore Vol III 

239 As far as we know this source material has been utilised for the first time by us only 

240 F(P)C, No 1 71 , Aug. 1 0 (1 842) It is an interesting point to be treated elsewhere 

241 Report of the Council 

242 Wilcox, V 

243 Wilcox, IV The same equipment is alscvgiven in his letter to the President RAS, dated July 11,1 839 
(RAS Archives) 

244 Wilcox, VI and VII Cf Sprenger,s letter, where he remarks that "the mural circle and transit instru- 
ments are facsimiles of those at Greenwich, Phlllimore Vol IV, p 116 Cf also Haydar (p 40) accord- 
ing to whom the instruments were model as those at Greenwich Observatory and were brought from 
London Note his estimate of the Observatory on building Rs 4,50,000, on Pillars for telescope Rs 
50,000 and on Instruments Rs 1,00,000, totalling to Rs 600,000 = £ 60,000 according to the then 
prevalent rate. 

245 Phlllimore, Vol IV, p. 1 1 6 Emphasis above are ours 

246 Cf section 3 3 4 

247 Phlllimore Vol IV p 116 For Waugh see section 32 

248 Report of the Council 

249 Jacob (a). 

250 Besides Astronomer Royal Sir George Airy with whom he had an active correspondence he was also 
in communication with Cap Boileau (Simla), Luit Ludlow (Madras), Secretary and President of Royal 
Society, Sir John Herschel! etc , Letter of Wilcox to Resident I Low, F(P)C, No 110, Aug 2 (1841) 

251 Letter dated July 10, 1841 at Herstmonceux Archive, Old call No class K, Shelf 1, No 1 cf also 
section 4 3 

252 Wlcox, V 

253 Wlcox, VII, see also Report of the Council 

254 Cf his letter to President RAS (dated July 11, 1839) in which he promised to communicate "the 
approximate latitude and longitude of it [the observatory], the former determined by an 18" transit 
circle, the latter from upwards of 50 eclipses of Jupiter's first satellites and the transit of moon ", 
(RAS Archives) 

255 Wilcox, V 

256 Wilcox, IV, cf also Report of the Council. 

257 Wlcox, VI 

258 Wilcox, VII. 
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259 Report of the Council, where Sprenger's letter dated Sept 1 849 from Lucknow is printed 

260 Wilcox, IV 

261 Report of the Council, p 91 

262 VINCE was Plumian Professor of Astronomy and Experimental Philosophy at Cambridge The sec- 
ond edition of the book (252 pages) was published in 1801 It is available in the Library of RAS 
(London) The printing of the Urdu translation, however, was not completed according to Kamaluddm 
Haydar's account 

263 Wilcox, II Out of 21 listed translation in Urdu, only five were pnnted (at Delhi and/or Agra), for 
instance that of Brougham's book It was published with the title Maqdsid-i'Ulum, in 1841 from Pilot 
Mission Press, Circular Road, Calcutta The translations were from various fields, e g physics, 
chemistry and astronomy As mentioned before some of them are extant as manuscnpts, for instance 
at Hyderabad Cf also sec 6 

264 Wilcox, VII He stated that the translation was then being pnnted in King’s lithographic press 

265 It is regretted that in Ansari (d), the date is wrongly given as Oct 25, 1848, which is the date of his 
will, Phiilimore, Vol III, see biographical notes 

266 This date is mentioned in Haydar, p 45 But according to a letter from the Resident at Lucknow to tie 
Secretary, Govt of India (dated Sept 13, 1849), the date of actual abolition was Aug 8, 1849, cf 
F(P)C, Nos 130-136, Oct 6, 1849 It appears to us as the correct date, see in the next paragraph 
above Captain Strange's meeting with Kali charan 

267 Reply of the King to the Resident's letter of Aug 18, 1849, dated Sept 14, 1894F(P)C,Nos 130-136, 
Oct 6, 1849 Haydar (p 44) gives the total cost incurred in as Rs 19,00,000 Recall the total initial 
cost of the establishment as Rs 6,00,000 Haydar p 40 

268 Haydar, p 44 

269 F(P)C, Nos 130-136, Oct 6, 1849 It is true that in the printed version (of 1896) it is stated that his 
History was sponsored by Henry Elliot Consequently it is possible that Haydar had to praise Elliot 
more than the King of Oudh Recently we had a discussion with Ra'Is Agha on this point, the owner of 
the original manuscript of the History Ra'Is Agha is of the opinion that the original version is different 
from the pnnted one, it was submitted to the Resident to secure the permission for publication and as 
a result Haydar had to carry out some modifications for the Resident's accord Agha intends to publish 
thistfwfo/? , which unfortunately has not been published to-date 

270 Phiilimore, Vol IV, p 11 6, where the report of Strange to Surveyor General is cited as dated 12 2 
1856, Dehra Dun Survey Records 601 (184) 

271 Ibui, p 1 1 6 Emphasisours Strange met at the Observatory Kali Charan (one of the Indian assistants 
or 'Computer' of Wilcox), accrding to whom regular observations were carried out “continuously and 
uninterruptedly" by mural circle and transit from Sept 1 841 to Aug 6, 1 849, “The day upto which I (i e 
Kali Charan), was there" (ibid, p 1 1 7) In other words, just short of one eyar after the death of Wilcox, 
the observatory was m operation , and the Indian assistants of Wilcox continued to carry out its pro- 
gramme which according to Waugh (ibid, p 1 1 5) consisted of "chiefly planetary lunar [observations], 
and therefore difficult to reduce", Despite the difficulties the Indians were carrying out the reduction i 

272 Markham, p 328, where the onginal reference is given as Proc A&tronomocal Soc 1 7, p 63 Phiilimore, 
(Vol IV, p 11 7) quotes Monthly Notices of RAS, 1 8 (1 858) 287 

273 Markham, p 328 

274 Archives at the Royal Society Library, call number MA 255 It may be added that Wilcox was espe- 
cially asked by the Resident for such observations, PC, No 1 36 of May 1 8(1 840), see also a discus- 
sion on this point in section 5. 

275 Phiilimore, Vol IV, p 116 

276 Haydar, p 44 

2 77 Letter of Sprenger to RAS, dated Sept 1 4, 1 849, printed in Report of the Council esp p 92 

278 He had seven children, the executor of his will dated Oct, 25, 1 848 (three days before his death) was 
his deceased wife's brother Mr.Thos Wilson of Ghazipur, Phiilimore, Vol III, biographical notes 

279 Probably Verma according to present orthography 

280 Broun (a), see especially the preface 

281 Markham, p 337 The role of individuals, like Topping and Caldecott, in starting modern astronomy in 
India should be noted 

282 DNB, Vol 3, pp 690-691 

283 Besides these Caldecott also purchased instruments for magnetic and meteorological work On his 
return toTrivandrum in 1 841 , a magnetic and meteorological observatory was also established, which 
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was later shifted to the peak Agustia Malley (or Mullaly) see, ibid and Broun, op cit 

284 Caldecott's observations of 1 845 were employed by Hind to calculate the orbit of comet, see D N B 
op cit for onginal reference 

285 DNB Vol 3, p 69 

286 Cf Markham, p 282, footnote 2, they are also listed in D N B op cit 

287 Broun came from SirThomas Brisbane's Observatory at Makerstown (Scotland) of which he was the 
director This observatory was established in 1841 by Thomas Brisbane's (1773-1860) for taking 
magnetic observations in Scotland, since Brisbane was a keen supporter of Humboldt's movement of 
world-wide magnetic observation, see D S B , Vol II, p 471 

288 Broun (a) & (b), He has reported his work, for instance, in the Transactions of the Royal Society of 
Edinburgh , Proceedings of the Royal Society, British Astronomical Association Reports and Comptes Rendus 

On the basis of his excellent work Broun won the Keith Biennial Prize and was elected as Fellow of 
the Royal Society, see Markham, pp 338-339 

289 Jacob (a) where more details of construction are given 

290 Jacob (a) 

291 Jacob (b) and (c) See also D.N B , Vol 10, p 560 

292 Cf section 3 1 4 

293 A meteorological observatory was founded by the East India Company at Colaba (Bombay) in 1 823 
see details in Markham p 285 et seq 

294 Markham, p 339 

295 His grandfather Jamsetjee Donabjee Naigaumvala (1 804-1 882) had been praised by H G Briggs (as- 
sistant secretary to G I P Railway in Bombay) as "the native prioneer of railway construction in 
India" see his biography (p 7) by Nowrojee K D Naigamwalla, son of K D Naegamvala - the 
astrophysicist and director of the observatory Naigamwalla in his booklet also gives a short life 
sketch on his father. The author has the privilege to see him at Poona in 1 976, when he was 80-85 
years old 

296 In fact Naegamvala was the first astrophysicist India has produced He was followed by M N Saha in the 
20th century, see also Ansari (g), in which his work is highlighted for the first time 

297 See section 3 6 2 for some details 

298 He has been also a Fellow of the Chemical Society and also of the Institute of Chemistry, cf family 
papers The author is extremely indebted to Dr Sillo M Vachha (grand-daughter of K DN ), her 
mother and Mrs M P Naigamvala for the permission to see the family papers An interview with Mr 
J P Naigamvala (grandson of K D N ) is also acknowledged gratefully Typescripts & hand-written 
drafts, original papers of Naigamvala will be referred to hereafter as family papers, other records are 
extant at Maharashtra Govt Archives at Bombay 

299 Family papers, a draft of 5 foolscaps pages See records (Education Dept ) No 4906 dated Nov 2, 

1 882 where with reference to the University Calender for 1 881 it is stated “that the Chancellor of the 
University has suggested . the state of natural science and the present offer appears to be a 
response to that suggestion However, the words quoted above from the family papers are exactly the 
same as given in Raja's letter of offer, see records (Education Dept ) No 738, 1 882 Naigmvala in fact 
claimed to the inception and development of the observatory, see his printed Memorial to William 
Baron Sandhurst (Governor of Bombay), dated April 6, 1 899 

300 Bombay Recods (Education Dept ) No 738, 1 882 

301 Father A Secchi (181 8-1 878) was the director of the observatory of the College Romano He also 
founded the Societd degh ipectroscopisti Italiam in 1867, see Todd, p 252 See in this connection 
Pannekock p 389 

302 See section 3 7 

303 Sir Norman Lockyer was also trying hard to establish a solar spectroscopic observatory since 1 877, 
when he submitted his Memorandum 

304 Sir Norman Lockyer was appointed Professor of Astronomical Physics in 1882, see Lockyer (a), 
Memorandum , p 25. Besides spectroscopy, astronomical physics also included photography, discov- 
ered in 1839 Cf section 317 where Michie-Smith's (a, p 3) complaint is quoted on the "new 
astronomy". 

305 Bombay Records, Education Dept Vol 10, No 244 (1884) 

306 Ibid, No 441 (1 886) 

307 Bombay Records, (Education Dept ) No 441 , 1886, see especially his memorandum dated May 4, 
1886 
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308 Family papers, draft dated May 28, 1 888 See also Bombay Records Education Dept No 1464, Aug 
10, 1888 

309 Observatory , XI, No 143 (1888) p 438 

310 Ibid 

31 1 Naegamvala (a) & (b) 

312 Cf section 3 1 7 

313 Naegamvala (b) 

314 Christie (a) 

315 To plan an expedition in the intenor of the countryside was then not so easy "The country in the 
vicinity of Jeur was flat, almost devoid of trees except a few scarggy babuls t and the supply of 
water was not plentiful Plague had also apeared in Karmala, the chief town of the taluka (sub- 
district), but had not spread to the surrounding villages", Naegamvala (6), p 3 

316 Bappup9 
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ASTRONOMY IN INDIA IN THE 
20th CENTURY 


J C. BHATTACHARYYA and A. VAGISWARI 


ASTRONOMICAL STUDIES IN INDIA 

Interest in astronomy dominated Indian thinking from the very early times. Many 
references to astronomical events and their interpretations are found in the Hindu, 
Jain and Buddhist Scnptures. During the penod of compositions of astronomical 
siddhantas (5th to 12th century A.D) the motions of the Sun, Moon and planets 
were studied in detail. It is well known that Aryabhata, Varahamihira, Brahmagupta, 
Bhaskara I and Bhaskara II made monumental contributions towards the development 
of astronomy. These early astronomers whose contributions have been discussed in 
detail in the previous chapters, had influenced the academic endeavours for several 
centuries. This was followed by a period of relative inactivity till late seventeenth 
century. 

In the year 1609 the optical telescope was discovered in the western world and its 
extensive use by Galileo revolutionized the study of astronomy The first major devel- 
opment in new astronomy in India occurred when Father Richaud, a French Jesuit 
priest used the astronomical telescope for the first time on the Indian soil in the year 
1689. He discovered a comet and the binary nature of the bright star Alpha Centaun 
from Pondicherry. 1 23 Next important landmark was the work of Raja Jai Singh (1686- 
1734). He launched an ambitious programme of development of observational as- 
tronomy by establishing a chain of 5 observatories at Delhi, Jaipur, Mathura, Ujjain 
and Varanasi and started accurate observations These institutions contained enor- 
mous masonry instruments many of which were invented by Jai Singh himself Mag- 
nificent in concept, in practice they had little use It is still a mystery why Raja Jai 
singh did not use telescopes extensively instead of the huge cumbersome masonry 
structures, since some recent studies have shown that Raja Jai Singh was familiar 
with telescopes and had even incorporated telescopic observations in the compilation 
of astronomical tables, 4 5 6 The first modern observatory was established in Madras 
by the British East India Company in 1 786. "The East India Company having resolved 
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to establish an observatory at Madras for promoting the knowledge of astronomy, 
geography and navigation in India, Sir Charles Oakely, then President of the Council, 
had the building for the Observatory completed in 1 792". The first observations were 
commenced in 1787, through the efforts of William Petrie, who was an officer of the 
British East India Company and had owned a small private observatory. He had with 
him two 3“ achromatic telescopes, two astronomical clocks and an excellent transit 
instrument. This equipment formed the nucleus of the instrumentation of the new 
observatory which soon embarked upon a series of observations of stars, the Moon 
and eclipses of the Jupiter's satellites. 789 The observatory was handed over to the 
Company in 1789 when Petrie left for England For over a century Madras Observa- 
tory made systematic measurements of stellar positions and brightness. Topping, 
Goldingham, Taylor, Jacob and Pogson were government astronomers, who domi- 
nated the activity. J Goldingham was the first astronomer at Madras. His earliest 
observations made in 1 793 were recorded in a manuscript volume where an account of 
the observatory building was also given Further observations were published by him in 
later volumes in 1 81 2 and 1 825 10 11 Taylor completed in 1 844 his catalogue of places 
of over 1 1 ,000 stars. 712 Jacob's principal interest was double stars, viz. measures of 
their separation and determination of their orbits 713 From 1861 until his death in 
1891, N.R. Pogson entered newer areas of observations With the help of an 8-inch 
Cooke equatorial he made discoveries of asteroids and variable stars. 16 Pogson also 
undertook the preparation of a catalogue and atlas of variable stars complete with 
magnitude estimates. 14 16 These were edited by Turner after Pogson's death. The dis- 
covery in 1867 of the light variation of R Reticuli by C. Raghunathachary is perhaps 
the first astronomical discovery by an Indian in recent history. 817 

After Jai Singh, the Royal patronage for astronomical efforts was taken over in several 
Indian states in the 1 9th and early 20th century. The King of Oudh had established an 
observatory at Lucknow around 1 832 The principal equipment here was a mural circle 
of 6 ft, a 8 ft transit instrument and an equatorial telescope by Troughton and Simms. 
Wilcox who assumed charge of the observatory made some observations but after his 
death the observatory was closed down in 1849. 

In 1 837, the Maharaja ofTravancore had founded an observatory inTravancore It had 
a transit instrument, two mural circles and an equatorial telescope and magnetic and 
meteorological instruments. The observatory was, however, weilknown for magnetic 
observations made by Broun who was the Director from 1851 to 1865. His chief 
discovery is now hailed as one of the fundamental principles of terrestrial magnetism 
that magnetic disturbances on earth are not localized but are a world-wide phenom- 
enon. 8 Broun is also associated with the discovery of the relationship between solar 
disturbances and subsequent changes in the state of the earth's magnetism in recur- 
rent intervals, of 27 days. After Broun's retirement the activity of the observatory was 
greatly reduced. 
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Special mention must be made of the observatory started in Poona in the last decade 
of the 19th century. This was the Maharaja Takhtasinghji Observatory which func- 
tioned on modem lines. It commenced work under the direction of K D Naegamvala, 
part of the funds for this observatory coming from the Maharaja of Bhavnagar. The 
observatory had the largest telescope in the country, a 20" Grubb reflector 919 The 
most important work that appeared from this observatory was the observation of 
solar corona dunng the total solar eclipse of 1898. The Naegamvala expedition of 
Jeur and the observation of corona and its spectrum are descnbed in Vol 1 of the 
publications of Maharaja Takhtasinghji Observatory. 20 The observatory was closed 
down in 1912 and the 20-inch reflecting telescope was transferred to Kodaikanal 
Observatory 21 

There were three total eclipses with paths of totality across India during the 19th 
century.The first eclipse was in 1868, the observation of which resulted in astrophysical 
work of great importance It was the French astronomer Janssen who, stationed at 
Guntur in Madras Presidency, applied the spectroscope to the Sun during the mo- 
ments of totality. 2223 He found a spectral line close to and on the blue side of the 
yellow lines of sodium. This was the first eclipse to be observed with the spectro- 
scope. The hydrogen emission lines seen were so strong that Janssen reasoned that 
they could be seen even without an eclipse. Next day he observed again and the 
bright lines were there just as he had predicted. 14 There were several eclipse teams 
scattered over the path. The Madras Observatory had two teams one at Vanpurthy 
and the other at Maslipatnam where Pogson was in charge. The English expedition 
was led by J.F. Tennant at Guntur who also made the discovery of the D3 line 25 Sir 
Norman Lockyer attributed the line to a hitherto unknown element christened as "he- 
lium", Helium was discovered in the laboratory 27 years later by Ramsey. 24 

The eclipse of 1871 had a path of totality passing over Ootacamund and Pudukotai 
near the southern tip of the country. Janssen, at this eclipse, reported the discovery 
of dark absorption lines in the coronal spectrum This was the occasion when what 
we now term as the F-corona was first seen. 9 

The next important eclipse in India was in January 1 898. Numerous expeditions from 
different countries were scattered along the path of totality from Ratnagin to Sahdol 
in former Vindhya Pradesh. Naegamvala had organized a very comprehensive study 
of both chromosphere and the corona. The report of this expedition indicates the 
great care and thoroughness that went into the planning of the expedition. The other 
two important teams were led by Evershed and Lockyer. All observers obtained flash 
spectra during this event. 923 
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ASTRONOMY DURING THE FIRST HALF OF THE PRESENT CENTURY 

Major advances in astronomical research in India were made by Indian scientists in 
the present century This was possible due to a fortuitous combination of scientific 
developments and astronomical events Naegamvala's observation of the solar eclipse 
of 1898 broke the psychological barrier of Indians achieving scientific objectives. The 
appearance of Halley's comet in 1 91 0 created widespread new Interest in the subject. 
The establishment of Kodaikanal and Nizamiah observatories rekindled the Interest 
in astronomical observations. In addition, the spread of science education in the uni- 
versities fostered a general awareness of celestial phenomena Detailed descriptions 
of development of astronomical activities are described in the following sections. 


KODAIKANAL OBSERVATORY 

An interesting and unusual factor which contributed partially to the establishment of 
the Kodaikanal Observatory was the Madras famine. Pogson had thought earlier of 
an observatory on Palam or Nilgiri Hills, particularly for the photographic and 
spectroscopic observations of the Sun and stars, but no action ensued in his life time 
However, the Madras famine of 1886-87 which occurred due to the failure of the 
monsoon rains gave a fillip to the establishment of a solar physics observatory A 
commission of inquiry which was appointed by the Government to investigate the 
cause of the famine brought to the notice of Government a correlation between the 
seasonal distribution of rain and sunspot periodicity and recommended that the ob- 
servatory should investigate this problem. When C Michie Smith was appointed as 
Government Astronomer in 1891 the project began to take shape. In 1895, he se- 
lected Kodaikanal in the upper Palam Hills as the location for establishing an observa- 
tory. The construction work was taken up in 1899 and in the same year the adminis- 
trative control of this observatory was transferred to Indian Meteorological Depart- 
ment. This observatory started functioning in 1900. Systematic work in seismology 
and meteorology was taken up and as soon as the necessary instruments could be 
erected the study of sunspots, prominences, sunspot spectra and solar photography 
was commenced 26 The first solar observations were taken at Kodaikanal in 1 901 and 
spectroscopic astronomy was planned for the observatory While the two observato- 
ries functioned together under the control of a Director at Kodaikanal, work at the 
astronomical observatory at Madras was confined only to the measurement of time. 
The new observatory at Kodaikanal had a wide array of spectroscopic equipment 
specially acquired for solar studies. There were instruments to visually examine the 
prominences around the solar limb and the spectra of sunspots Photographic studies 
included daily white light photography of the solar disc and monochromatic 
chromospheric pictures with the spectro-heliographs in the light of the lines of ion- 
ized calcium and of hydrogen. The uninterrupted series of photographs continues till 
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the present day and forms one of the most unique collections of a record of solar 
activity available anywhere in the world * Only two other institutions, the observatory 
at Meudon in Pans and the Mount Wilson Observatory can boast of a comparable 
collection. 27 

John Evershed, who had been earlier involved in the discovery of ultraviolet spectra 
of prominences during the total solar eclipse of 1 898 in India, joined the observatory 
in 1905 and later became its Director in 1 91 1 . He instituted a programme for photo- 
graphing the prominences and for systematic investigations of the spectra of sun- 
spots. 2829 These observations resulted in two important discovenes in solar physics, 
viz. (1) the radial motion in sunspots known as the Evershed effect 30 31 32 33 and (2) 
nature of the sunspot spectra. 34 Evershed found that many Fraunhofer lines in the 
sunspot spectra were systematically shifted towards the red and he was further able 
to show that these shifts were due to Doppler effect His success in observing and 
measuring the radial motions which had hitherto escaped observations was due in 
part to the careful methods he had adopted in measuring small shifts in sunspot 
spectra, and in part to the spectrograph he built with a 6-inch grating given to him by 
Michelson. He continued his work in this field both at Kodaikanal and also at the 
temporary field station in Kashmir For measuring the minute shifts of the spectral 
lines Evershed devised a positive and negative method of spectrum plate mesurement 
and constructed a special measuring microscope for this purpose. This formed the 
basis of spectral compensators in use at several observatories. The idea was further 
developed by R. Leighton fifty years later when he produced the Doppler and Zeeman 
spectroheliogram by his photographic subtraction technique. 353837 

The nature of sunspot spectra was engaging the attention of astronomers at that 
time. Evershed simultaneously with Fowler, Hale, Mitchel and Adams reached the 
conclusion that the spectra of sunspots were similar to those of stars of spectral class 
K 23 . C. Nagaraja Iyer at Kodaikanal obtained reversal of the D3 line of helium in the 
penumbra of spots. 38 Evershed proved that all spark lines are weakened in the spot, 
a fact which was later explained by the ionization theory Several other papers by 
Evershed published from Kodaikanal call for mention High dispersion spectrograms 
secured of Venus showed that the linq shift was unaltered when light reflected from 
the far side of the Sun was examined In 1918, the spectra were obtained of Nova 
Aquilae during the first two weeks after the outburst of radiation. 39 Evershed deduced 
from the initial high outward velocity of gases, compared with the velocities in 
prominences, that only the gases of the star's original chromosphere would be driven 
out if the repulsive force was light pressure. He emphasized the presence of sharp 
non-displaced absorption of H and K lines in the spectrum and identified their source 
with interstellar gas clouds. A high dispersion spectrogram was secured of Sirius 
and Evershed pointed out the large widths of the absorption lines especially of 
hydrogen. 40 



ASTRONOMY IN INDIA IN THE 20th CENTURY 


459 


Evershed measured the limb spectra and compared them with the spectrum at the 
centre of the disk for a study of solar rotation and of the shift toward the red end of 
lines at the limb At one time he was inclined to attribute this shift to motion, but later 
when Einstein gravitational displacement was recognized as a factor to be taken into 
account, Evershed made further studies of the question. 41 His final view was that the 
Einstein effect accounted for most of the red-shift at the limb but there remained a 
definite unexplained residual shift. 

Evershed also participated in the observations of the solar eclipse at Wallal, Western 
Australia The main purpose of the expedition was to photograph the star field sur- 
rounding the Sun on a very large scale and to determine the deflection of light near 
the Sun by comparison with photographs taken later with a star field at the same 
altitude. But due to some defects in the instrument the experiment failed. 28 42 

T. Royd's early papers dealt with periodicities in prominences and their distribution on 
the solar disk. He compared solar observations to laboratory spectroscopic work and 
attempted to deduce the variations of density over the solar disk. His most important 
contribution in this field was the measurement of lines at the extreme limb of the Sun 
observed at solar eclipse of June 1 9, 1 936. He was a member of the team sent to Japan 
and the only one to get any results as the sky was clear only for a short while. 234344 

A.L. Narayan's early work at Kodaikanal was in the field of atomic spectra and a 
number of papers were published by him and his co-workers. Among them are the 
spectra of doubly and trebly ionized lead, the hypeifine structure of indium and thallium, 
arc spectrum of arsenic, the fine spark spectrum of bromine, the resonance lines of 
thallium and their probable absence in the Sun 46 A photoelectric photometer for the 
direct measurement of the intensities of Fraunhofer lines was constructed by Narayan 
and the profiles of a few Fraunhofer lines near the centre and the limb of the Sun 
were studied by him and his co-workers. Among the investigations earned out under 
the direction of Narayan may be mentioned the studies on band spectrum of phos- 
phorus which led to the conclusion in favour of the existence of the P 2 molecule in the 
Sun. 26 45 


NIZAMIAH OBSERVATORY 

Nizamiah Observatory which was started in 1 908 celebrated its Platinum Jubilee in 
1983 and can justifiably be proud of a distinguished history. The observatory came 
into existence in 1901 when a rich nobleman of Hyderabad, Nawab Zafar Jung ac- 
quired a 15-inch Grubb refractor from England and started a private observatory at 
Begumpet, Hyderabad and sought the permission to call it Nizamiah Observatory 
after the 6th Nizam of Hyderabad, Nawab Mir Mahboob All Khan Bahadur. In 1908 
the administration of the observatory was formally taken over by the Government and 
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soon after it was involved in a memorable programme of mapping the sky 47 In this 
international programme of carte-du-ciel, 1 8 observatories with instruments of simi- 
lar type participated They were entrusted with photographing different zones of the 
sky. The Nizamiah Observatory observed -17° to -23°; later it was also alloted the 
zones between +39° to +36° which was originally given to Potsdam 48 This was car- 
ried out with an 8-inch astrograph built by Cooke and it was conducted under the 
guidance of three Directors — Chatwood (1 908-1 914), Pocock (1 91 4-1 91 8) and T P 
Bhaskaran (191 8-1 944).Twelve catalogues comprising observations of 8,00,000 stars 
were published. Dunng Chatwood's time the construction of astrograph was taken up 
and the astrograph was installed by the end of 1 909. 47 After this, he initiated the work 
on astrograph catalogue. This work was continued by Pocock who did much towards 
the completion of the catalogue covering the zones -1 7°, -1 8° and 1 59 plates in zone 
-19°, 101 plates in -20° 49 In addition to the work on astrographic catalogue, he 
studied Nova Aqilae, sunspots, relation between the elements of planets and satel- 
lites. 50 Under the enthusiastic guidance of T.P. Bhaskaran, the next director, the pro- 
gramme for the zone -1 9° to -23° and +36° to +39° was completed He was mostly 
a practical astronome'r. 51 The 15-inch Grubb refractor of the observatory was erected 
under his supervision in 1922 He initiated a programme of observations of variable 
stars with faint minima with this instrument. During the time of Bhaskaran, the ob- 
servatory which was under the control of the finance department since its take over 
by Nizam's Government in 1 908, was transferred to the Osmama University 47 M.K.V 
Bappu who was an astronomer at the observatory had contributed a large number of 
vanable star observations. The availability of a spectrohelioscope in the mid-forties 
and a blink comparator extended the sphere of activity of the institution Proper mo- 
tion studies of stars in Hyderabad astrographic zone were commenced. In 1 944 when 
Akbar All (1944-1960) succeeded Bhaskaran, a programme of double star measure- 
ments formed an important addition to the activity. During Akbar All's directorship, 
double star measurements formed an important programme. 52 It was mainly through 
his efforts that the order for 48-inch telescope was placed and later acquired He saw 
the need fora photographic coverage of larger areas of the southern sky and wanted 
to introduce the new study of photoelectric photometry and made out a case for a 
Baker corrector for the 48- inch telescope. Akbar All was a man of vision and enthusi- 
asm and encouraged young astronomers One of his proteges was M.K.V Bappu. In 
the words of Bappu, Akbar Ail represented "the best in Islamic culture'. The study of 
comets, variable stars, lunar occultations, solar activity, study of proper motion of the 
clusters were pursued at the observatory. 


ASTRONOMY IN THE UNIVERSITIES 

In the first half of the twentieth century, outside the Kodaikanal Observatory astro- 
nomical work was mainly alive in some universities An account of the activities of 
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Osmama University, Hyderabad has already been given in the previous section. Ac- 
tivities of other university centres are described in this section. 

1 . Calcutta University • In the second decade of the present century, Calcutta Univer- 
sity was the prime centre for physics in the country. Prof. C.V. Raman, the Palit 
Professor of Physics was very keen on astronomy and encouraged his students and 
colleagues in astronomical work. Major impact produced in astrophysics during this 
time was by a young theoretical physicist M.N. Saha. Saha's greatest contribution is 
undoubtedly the postulation of the theory of thermal ionization and its application to 
stellar atmospheres. The equation that goes by his name was first given in the paper 
"On ionization in the solar chromosphere" published in the Philosophical Magazine of 
October, 1920. Saha considered the state of excitation and ionization in stellar at- 
mospheres to be functions of the temperature and pressure of the atmosphere. This 
was an important application of Bohr's atomic theory to astrophysics and also pro- 
vided a theoretical basis for the work done by earlier astronomers like Pickering at 
Harvard Observatory. Spectral classification provided by the Harvard group repre- 
sented a temperature classification but they had to wait till Saha provided an explana- 
tion in 1 920. The theory of thermal ionization introduced a new epoch in astrophysics 
by providing for the first time, on the basis of simple thermodynamic considerations 
and elementary concepts of quantum theory, a straightforward interpretation of dif- 
ferent stellar spectra in terms of physical conditions prevailing in stellar atmospheres 
Struve in his book Astronomy of the 20th Century has quoted an interesting anecdote. 
Saha first submitted the paper embodying his theories to the Astrophysical Journal 
whose editor rejected it. His theory was published finally in the Philosophical Maga- 
zine. The next editor of Astrophysical Journal found Saha's manuscript in a box con- 
taining the rejected papers H.N. Russel, commenting upon Saha's theory said, The 
principles of the ionization theory will evidently be of great importance throughout the 
whole field of astrophysics and Dr. Saha has made an application of the highest 
interest to the question of the physical meaning of the sequence of stellar spectra. 053 
Saha was also one of the first few to suggest the importance of UV observations and 
the necessity of going out of the atmosphere for understanding the stellar mecha- 
nisms better. 54 

Besides having prestigious departments of physics and mathematics, the Calcutta 
University did not have any organization for astronomical studies. Optical telescopes 
were available in two small observatories of the Presidency College and the St. Xavier's 
College. Important theoretical work made by scientists connected with the university 
included besides Saha and Raman the names of N. R. Sen and N. K Chatterjee. 58 

2. Allahabad University. An active group of astrophysicists grew around M. N. Saha 
when he moved to Allahabad from Calcutta in 1925. He started work on laboratory 
astrophysics and encouraged-a strong theoretical group in the subject. Some of his 
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associates like P. L. Bhatnagar, A. C. Banerjee, H K Sen, D. S Kothari and R. C 
Majumdar all started their career in astrophysics from this university R L Bhatnagar 
and H K. Sen worked with D. H. Menzel on stellar interiors. 59 

Theoretical work on the physics of stellar interiors was undertaken by D S. Kothari and 
R.C. Majumdar In a series of papers in early thirties, they calculated the opacity of 
degenerate matter in the stellar cores and the physics of energy transport phenomena 
following rigorous quantum-mechanical treatments. 55 58 57 

3. Banaras Hindu University. While Saha and his students worked in stellar atmos- 
pheres and interiors, another group led by V. V Narlikar started work in cosmology at 
the Banaras Hindu Unvereity. V V. Narlikar endeavoured for the creation of a group in 
cosmology He was able to produce a few students who carried out his line of work 23 60 
His son J. V. Narlikar, and also his first student P.C. Vaidya made impacts in this field 
later. 


AMATEUR ASTRONOMY IN EARLY 20TH CENTURY 

The role of amateurs in astronomy has always been significant. While the efforts of 
Indian amateurs have not been on the same scale as some of those in western coun- 
tries, special mention must, however, be made of a few individuals, viz Fathers Johann 
Grueber and Albert O'Orville who were contemporaries of Father Richaud. 61 Since 
then there have been several efforts of amateurs at observing solar eclipses and 
events like the transit of Venus. We have already mentioned that Nawab Zafar Jung's 
interest in astronomy led him to establish the Nizamiah Observatory At Vizagapatnam, 
A.V. Narsinga Rao with a 6-inch telescope made observations of the transit of Venus 
and Mercury and also observed many bright comets The work of amateurs in the 
study of variable stars is considerable. 9 The pioneer in the study of variable stars was 
R.G. Chandra from Jessore who from 1919 until the late forties was a regular con- 
tributor to AAVSO (American Association of Variable Star Observer). Chandra's ob- 
servations were made with a 3-inch refractor owned by him. He was later loaned a 
splendid 6-inch Clark refractor by the AAVSO to extend his observations to fainter 
stars. 62 63 

In the field of meteors, M.A.R. Khan of Hyderabad made numerous observations. 
Khan's observations were regularly sent to the American Meteor Society and for 
many years he was the outstanding observer Special mention must be made of the 
amateur association which sprung up during the period to foster the study of as- 
tronomy. Way back in 1910 a few gentlemen in Calcutta decided to form a society 
which was called the Astronomical Society of India. The idea arose from the interest 
generated during the appearance of the Halley's comet. It attracted a very large 
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membership and in a few months of its starting it had 117 members. The association 
was divided into various sections and a person was made the director of each section. 
The Association held lectures and symposia and brought ouiVne Journal of the Astro- 
nomical Society of India. Ten volumes of this journal seem to have been published, 
and well-known scientists like C.V Raman, M N. Saha, J. Evershed, T. Royds, R.J 
Pocock, A.B. Chatwood, and TP Bhaskaran have contributed to this journal C V. 
Raman published as many as 6 papers in this journal. It also had interesting articles 
on grinding of mirrors and how to make one's own telescopes. The Society possessed 
a 8Vz inch reflecting telescope which was housed in the 'Imperial Secretariat Build- 
ings' and was available for use by the members of the Society 9 

H.P Waran of Madras is credited to have made the largest aperture paraboloid be- 
fore 1947 He used a grinding machine fabricated by hijnself for the purpose. The 
mirror of 24-inch aperture was the primary of a reflecting telescope that could not be 
completed due to paucity of funds 9 Another notable effort in amateur telescope mak- 
ing was by S K. Dhar and Brothers of Hooghly They started the manufacture of 
mirrors for reflecting telescopes as an amateur activity and later formed a profes- 
sional company. 64 


POST-tNDEPENDENCE ASTRONOMY 

An important landmark in the history of Indian astronomy in the twentieth century is 
the setting up of a committee under the chairmanship of Prof. M. N. Saha. The 
committee was constituted in 1 945 to draw up plans for the development of astro- 
nomical research and teaching in India at the existing observatories and universi- 
ties.The recommendations of this committee gave a tremendous boost to astronomi- 
cal activity. The main recommendations made by this committee are the following :- 

1 . The establishment of an astronomical observatory with a telescope of large aper- 
ture. 

2. The extension of facilities of a coronagraph, solar tower telescope, large aperture 
Schmidt telescope and a laboratory for solar-terrestrial studies. 

3 Establishment of a Naval Observatory and nautical almanac section. 

4. The need for post-graduate teaching of astronomy and astrophysics at the univer- 
sities where establishment of observatories with 15-inch aperture telescope was 
recommended. 65 Most of the committee's recommendations, specially in so far as 
Kodaikanal Observatory is concerned, have been implemented in subsequent years 

This was also the period in which astronomical research in the other regions of 
electromagenetic spectrum started to make a beginning. Some important experi- 
ments were Karl Jansky's experiments in radio astronomy and the work of Reber 
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confirming Jansky's early work, theoretical investigation by H.C. Van de Hulst in 1 944 
predicting the 21 -cm radiation and its confirmation 6 years later, the first rocket with 
scientific pay-load which went up in 1946, and the launching of first artificial satellite 
in 1957.® 3 Several institutions in India encouraged young scientists to pursue as- 
tronomy. Saha had created a fund for building a Radio Telescope in India in 1 950, the 
first Radio Telescope was built in 1952 at Kodaikanal to study the Sun. Many groups 
of scientists all over India intensified their studies of cosmic rays; the Tata Institute of 
Fundamental Research (TIFR) group organized balloon-borne experiments reaching 
high up in the atmosphere.This group in course of time developed instrumentation for 
x-ray and for infrared studies. In the familiar optical band, observatories at Naini Tal, 
Rangapurand Kavalur were established with modern equipment. In keeping with the 
general overall expansion on scientific activities, several groups of theoretical 
astrophysicists were formed in various universities and institutes A short description 
of these developments is given in the next few sections. 

OPTICAL ASTRONOMY 

Observational work in optical astronomy in India today is mainly being earned out at 
the Indian Institute of Astrophysics in Bangalore, Centre for Advanced Study in As- 
tronomy at Osmama University, Hyderabad, Uttar Pradesh State Observatory at Naim 
Tal, and Physical Research Laboratory in Ahmedabad; some limited observational 
work is also being done in a few universities. 

Indian Institute of Astrophysics 

The old Madras and Kodaikanal Observatory was converted into an autonomous re- 
search institute called the Indian Institute of Astrophysics in 1 971 .** Optical observations 
at the Indian Institute of Astrophysics are being done from the two observatories; one at 
Kodaikanal and the other at Kavalur which was started in 1 967 

Solar Physics. The observatory at Kodaikanal is concentrating on the studies of the 
Sun. The old instruments by which considerable scientific progress was achieved have 
been supplemented by modern equipment. A.K. Das, who was Director of this Ob- 
servatory (1946-1959) (keeping in line with Saha committee's recommendations) 
equipped the observatory with several new instruments : (1) The new instrumentation 
at the solar tower consisted of a large solar telescope combined with a powerful 
spectrograph of exceptionally high dispersion and resolving power; the solar telescope 
consisted of a coelostat with three telescope object glasses of 60 cm and 37 cm aper- 
tures; it was constructed by the famous Grubb Parsons of England; (ii) a coronagraph 
built in Pans by the associates of Lyot; this is of 20 cm aperture; (in) a monochromatic 
heliograph with Lyot filter; this filter was also purchased from France but the design and 
construction of mechanical parts for the heliograph were done in the observatory.* 7 68 
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The large solar telescope has now a photoelectric magnetograph which makes fine 
measurements in magnetic and velocity fields on the sun possible. The tower tel- 
escope has been used for high resolution studies of the solar chromosphere, of the 
Evershed effect in sunspots and the five-minute oscillations observed on the solar 
surface. It has also been utilized for the study of evolution of active regions and some 
of the charactenstics of chromosphere over such areas. A very significant contribu- 
tion with its aid has been the identification that bright fine mottling in the chromo- 
sphere is responsible for the relationship found by Wilson and Bappu between 
K emission line-widths and absolute magnitudes of stars 69 70 

Solar Eclipse Studies During the period 1 950-1 983, the Indian Institute of Astrophysics 
participated in the observations of six solar eclipses. An expedition headed by A.K. 
Das went to Iraq in 1 952 and to Ceylon in 1 955 Unfortunately both the expeditions 
were frustrated by bad weather at the time of the eclipse M.K.V. Bappu led the next 
three expeditions to Maine, USA in 1963, Miahuatlam, Mexico in 1970 and in India in 
1980. In 1983 a 5 member team led by K.R. Sivaraman went to Tanjung Kodok in 
Indonesia. 71 72 73 74 


Solar corona research formed the main aspect of these eclipses Among the impor- 
tant observations during the expeditions, the high resolution coronal photographs 
with 6 m focus horizontal camera and a fine coronal spectrogram deserve special 
mention. During the 1 970 eclipse, Bappu, Bhattacharyya and Sivaraman identified on 
the coronal spectrogram emission lines of Balmer series, the helium D 3 line, and H 
and K lines of ionized calcium which indicated the presence of relatively cooler re- 
gions in the corona. 71 These findings were confirmed from the results obtained by the 
1983 eclipse team. 74 

During the eclipse of February 1 980 when the path of totality crossed the Indian 
peninsula, an elaborate observational set up was established.Two camps were set 
up, one at Hosur about 49 km south of Hubli, and another at Jawalgere 50 km west 
of Raichur.The camp at Hosur housed the long focus camera forthe photography of 
corona, the polarigraph and the coronal spectrograph The high dispersion multislit 
coronal spectrograph, the spectrograph for rapid sequence photography of the neu- 
tral potassium line close to the solar limb, a Paschen Runge monochromator for 
limb darkening measurements and a telescope with the 0.5A H-alpha filter were set 
up at Jawalgere camp. The equipment consisted of modern photo-electric image 
intensifiers, narrow-band polarizing filters and several pieces of sophisticated elec- 
tronic equipment. White light photographs of excellent quality showed the presence 
of coronal transients. The multi-slit spectra helped in mapping the turbulent veloci- 
ties in the corona. 
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Studies of the solar system, stars and galaxies 

Optical observations of the stars and solar system objects have been conducted from 
both the observatones at Kodaikanal and Kavalur. Until 1 960, the main emphasis was 
in solar physics. But after Bappu became the Director, emphasis was also placed on 
stellar physics. Kodaikanal had a 20-inch Grubb reflector originally belonging to Ma- 
haraja Takhtasinghji Observatory, Poona, and also an eight-inch refractor, these were 
equipped by Bappu with a photometer and a spectrograph. The 20-inch reflector, 
popularly known as the 'BhavnagarTelescope' was originally purchased for the Maha- 
raja Takhtasinghji Observatory at Poona where K.D. Naegamvala was the Director 
After his passing away, the Observatory was dismantled and in 1912 the instruments 
were transferred to Kodaikanal Observatory. It was the largest telescope in the coun- 
try at that time, and served as the principal instrument for stellar observations for a 
long time. Kodaikanal Observatory was invited by the International Mars Committee 
to join the world-wide photographic and visual patrol in 1 954, three papers on Mars 
were published using this telescope. 71 77 Other important studies made with this tel- 
escope were spectrographic study of Wolf-Rayet stars and Comet Ikeya-Seki Among 
other objects, the binary star gamma Velorum, Nova Delphim and several stars of 
Scorpio Centaurus association were extensively studied. This telescope was later 
shifted to Kavalur and is now earmarked for Leh where special observations in con- 
nection with establishment of a National Astronomical Centre are being planned. 

Kavalur inTamil Nadu was chosen as the suitable site for stellar observations after an 
extensive site survey. Regular observations started in 1 968 with a small telescope 
and the big boost for the programmes came with the acquisition of 102-cm reflector in 
1972. Several auxiliary instruments have been subsequently added including a verti- 
cal Coude spectrograph and an on-line computer system for photometric and spectro- 
photometnc studies A computer-controlled spectrum scanner was designed and fab- 
ricated in the Institute's laboratories. The 40-inch telescope was the first to provide 
some degree of competitive research capability and in a few years of functioning it 
had some striking achievements to its credit. 78 Within a fortnight of its installation, 
observations made with it during a rare occultation event showed the presence of an 
atmosphere on Ganymede, a satellite of Jupiter. Prior to this discovery, Titan, the 
largest satellite of Saturn was the only satellite in the entire solar system known to 
have possessed an atmosphere of its own; Ganymede thus became the second satel- 
lite with visible evidence of an atmosphere. 79 A new technique using microspectra 
was developed with 102-cm reflector for the detection of quasi-stellar objects. The 
spectroscopic observations obtained with the Coude spectrograph showed evidence 
of active regions similar to those on the solar surface on the bright southern star 
Canopus.The discovery of ring system around Uranus 80 and the outer ring system of 
Saturn is among the important achievements made with this telescope. 
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Besides this telescope, the Institute has produced a few smaller telescopes of its own 
design and commissioned them for observational use. A 38-cm reflector was made in 
the Kodaikanal workshop in 1 967 and was the first telescope to be used at Kavalur 
Observatory. A 75-cm reflector was fabricated in the Institute's laboratories and is 
now installed at Kavalur. The Institute has several other telescopes under fabrication 
including a 60-cm Schmidt for sky survey work. The task of building a large 234-cm 
optical telescope has been undertaken by the team of scientists and engineers at the 
Institute. The need for a large telescope for studying fainter objects was felt even 
during pre-independence days. Saha recommended one in his Committee report and- 
Das in his booklet Modernisation of the Astrophysical Observatory has mentioned 
that the plans to acquire two large telescopes for Kodaikanal, a 1 00-inch reflector and 
a 46/34-inch Schmidt Cassegrain telescope, had already been made but due to finan- 
cial diffculties, it was not possible to get them. It was only during Bappu's period that 
the plan was sanctioned and the task of building up a large telescope was under- 
taken. The 2 34 m telescope has been designed and fabricated indigeneously. The 
mirror has been ground, polished and figured to a very high degree of precision.The 
mechanical parts have been designed by Indian engineers underthe guidance of the 
Institute scientists When installed, this will be the largest optical telescope in Asia 78 

Studies of stellar atmospheres and their compositions using high dispersion 
spectrograms, lunar occultations of stars, structure and distribution of globular clus- 
ters and planetary nebulae, distribution of young stars in galactic spiral arms, close 
binaries, study of Novae and variable stars are some of the programmes currently 
undertaken here. In the area of extragalactic astronomy the structure and spectra of 
the nuclei of galaxies and the structure of nearby galaxies are earned out. Investiga- 
tions on comets and asteroids also form part of the activity being pursued. 

Centre for Advanced Study m Astronomy, Osmania Unviersity 

The Nizamiah Observatory (which later became part of the Osmania University) had 
a 15-inch refractor to start with This was mainly used for variable star observations 
and occultation programmes. In addition to this there was an 8-inch astrograph with a 
10-inch finder telescope. It also had a spectrohelioscope supplied by Messers Howell 
and Sherburne, Pasadena and observations with this instrument were seriously taken 
up in 1945. The Observatory participated in the solar and seismological observation- 
programmes during the International Geophysical observation programmes during 
the International Geophysical Year (1 957-1 958) and the observation of the Sun dur- 
ing the International Quiet Sun Year (1964-65). Plans to modernize the observatory 
were taken up with the financial assistance of the University Grants Commission. A 
number of other measuring instruments and machinery were also acquired. In 1 959 a 
separate teaching department of astronomy was started at the University. Along with 
K.D. Abhyankar, V.R. Venugopal moved to Osmania and started the first teaching 
programmes. A.K. Das served as the Director for a short while on his retirement from 
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Kodaikanal. His term ended abruptly due to his sudden death in 1 961 R. V. Karandikar 
who was chosen to lead the team could not join until June 1963. In the intermediate 
period, K.D. Abhyankar served as in-charge Director. Karandikar, after joining as 
Director, completed the installation of the 48-inch telescope. A hillock near two vil- 
lages Japal and Rangapur about 55 km from Hyderabad was chosen for installing the 
48-inch telescope and in 1964 UGC recognized the astronomy department and the 
observatory facilities at the Nizamiah and Japal-Rangapur as a Centre for Advanced 
Study in Astronomy (CASA). The 48-inch telescope was commissioned in 1968 De- 
cember. The new facility is being used for photoelectric and spectroscopic observa- 
tions of vanable stars, mainly the eclipsing and spectroscopic binaries A photoelec- 
tnc photometerwas built in the observatory workshop and has been used with the 15- 
inch refractor for photoelectric observations. 47 Abhyankar who was a student of Struve 
encouraged research of binary stars at the centre. Now Hyderabad is one of the 
leading centres for investigating binary stars. 

The path of totality of solar eclipse of 1 980 February 1 6, crossed over the observatory 
at Japal-Rangapur. The Nizamiah astrograph was shifted there to conduct a special 
observation of gravitational deflection of light Polarization studies of solar corona in 
red and blue light for determining the electron densitites were made using the 
4%-inch telescope with polaroids, mounted on the 48-inch telescope. 

Uttar Pradesh State Observatory (UPSO), Naim Tal 

This was one of the observatones that came up in the post-Independence period. In 
1947 the Government of Uttar Pradesh decided to set up an astronomical observa- 
tory and in 1952 an expert committee was formed with A.N Singh, as the convenor. 
The Astronomical Observatory was located at Varanasi and started functioning by 
1954. A Cooke gravity-driven 25-cm refractor, a set of Rhode and Schwarz quartz 
clocks and a few other accessories were purchased and farmed the original observa- 
tional equipment. A.N. Singh was entrusted with the task of setting up of the observa- 
tory. The observatory commenced visual observations of comets, asteroids and dou- 
ble stars with the help of the 25 cm refractor. After the death of Singh, M.K.V. Bappu, 
a young astronomer was appointed as the Chief Astronomer. He took active interest 
in the growth of the observatory during the period 1 954-1 960. It is due to his initiative 
and vision that the development plans of the observatory were put on a sound base. 
The role of Dr. Sampurnanand, the Chief Minister of U.P. in connection with the 
modernization of this Observatory is very important. One of the first tasks of Bappu 
was to locate a place to install the proposed telescope. After much site testing the 
Manora Peak in Naini Tal was found suitable. The observatory was soon shifted to 
NainiTal and regular stellar observations commenced. After Bappu left for Kodaikanal 
in 1 960, Sinvhal succeeded him as Director and carried out the development proj'ects. 
The observatory has a 15 cm reflector and another 38 cm reflector telescope. The 
observatory also has a 52 cm reflector with folded Cassegrain and Coude foci ac- 
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quired essentially for solar work. The chief facility at this observatory at present is the 
one-metre Zeiss reflector named as Sampurnanand telescope which is a duplicate of 
the instrument available at Kavalur The observatory has an optical workshop which 
can polish and grind mirrors upto 75 cm diameter. The observatory has undertaken 
several observational programmes like determination of orbital elements and basic 
parameters of eclipsing binary systems through UBV photometry, determination of 
temperature and radius variations from energy distribution curves of classical Cepheids, 
analysis of UBV light curves of RR Layrae stars, determination of light and colour 
curves of Delta Scuti stars. Study of latetype stars and photometry of galactic clus- 
ters are also being done. In solar system studies, photometric medium-band obser- 
vations of comets Bennet, Kohoutek, West and Bradfield were undertaken Naim Tal 
has also undertaken several occupation programmes It had observed the occupation 
of SA0 1 58687 by Uranus in 1 977 and identified the ring system around Uranus thus 
confirming the observations made at IIA. The observatory has prepared a plan for 
setting up a large telescope of 4 m aperture at a suitable site in the Himalaya lower 
range near Naim Tal. 

In solar physics, observational and theoretical studies of dissociation equilibrium and 
profiles of diatomic and triatomic molecular lines based on the various sunspot, 
photospheric and average facula models are in progress. Study of magnetohydrostatic 
and magnetohydrodynamic models of prominences have been undertaken. The ob- 
servatory, while still at Varanasi, sent an expedition to Ceylon to observe the total 
solar eclipse of 20 June 1955. The objective was to carryout the polarimetry of solar 
corona with the help of photographic coronal polarimeter. But the expedition was 
unsuccessful due to bad weather The observatory also participated in the observa- 
tions of the solar eclipse of February 16, 1980 and carried out a programme on 
coronal photometry, and photography of the 'flash' and coronal spectra. 81 

Udaipur Solar Observatory 

For optical studies of the Sun, a special solar observatory has been set up in Udaipur, 
Rajasthan, it has a 12-ft solar telescope for high spatial and time resolution studies of 
solar events. 

In 1 972 an organization called Vedhashala was set up at Ahmedabad with the aim of 
doing astronomical research. With their assistance, a sqlar observatory in the midst 
of a lake in Udaipur was established for high resolution studies of solar features. 
Later, however, the organization withdrew its support and the observatory was taken 
over by the Government of India. At present this functions under the administrative 
control of the Physical Research Laboratory, Ahmedabad and carries out observa- 
tions of the Sun.The 12 ft telescope is located in a small island in the midst of Fateh 
Sagar Lake. Owing to the presence of large body of water, seeing conditions are 
excellent over long periods during the day. The observatory is mainly involved in high 
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spatial and time resolution chromospheric and photospheric studies of flares and 
other transitory phenomena. 82 

Positional Astronomy Centre, Calcutta 

This centre under the administrative control of the India Meteorological Depart- 
ment, which has been entrusted with the publication of the astronomical alma- 
nac, has recently acquired a pair of celestron telescopes (36 cm and 26 cm) 
The telescopes are intended for visual observations of celestial objects for 
positional astronomical studies. 

Physical Research Laboratory 

A telescope of 1 .2 m aperture mainly intended for studies in the infrared is currently 
under fabrication and will be installed at Gurushikhar in Mt. Abu; the telescope is 
expected to become operational in 1985. Though originally intended for dedicated 
work in IR astronomy, PRL is planning to use it for optical astronomy as well A high 
resolution pressure scanned Fabry-Perot spectrometer has been fabricated by scien- 
tists of this Laboratory. 83 At present the scientists have been utilizing the telescopes 
at NainiTal and Kavalur for their observations. The laboratory has also constructed a 
Fourier Transform Spectrometer for high resolution spectroscopy of celestial objects. 
In collaboration with IIA, PRL has been observing with this instrument several pecu- 
liar planetary nebulae to map their velocity fields. PRL has also completed a polarimeter 
to be operated with 1 m telescope at Kavalur. Polarimetric studies of carbon-rich Mira 
type long period variables to understand the formation and distnbution of circumstellar 
dust is also in their programme. 

Tata Institute of Fundamental Research, Bombay 

Optical observational programmes in TIFR were started recently. This centre has 
been utilizing the telescopes at Japal-Rangapur and Kavalur for certain specialized 
programmes. In collaboration with Osmama University they are making optical obser- 
vations of X-ray sources and some suspected Rs CVn systems, and in collaboration 
with IIA, optical observations of some infrared sources. 

Other Institutions 

A solar telescope fed by a coelostat has been in operation at Nehru Centre, Bombay 
for the past few years. No regular scientific programmes have, however, been under- 
taken, Punjabi University, Patiala has acquired a 60 cm reflecting telescope. The 
telescope, however, is still to be installed and brought into regular use. 84 Two colleges 
in Calcutta, St. Xavier's and Presidency and also the Delhi University have a tel- 
escope each on their respective campuses. Although extensively used at one time, 
the instruments are not in regular use now. 
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An unaccounted number of small telescopes exist in several educational institutions 
in the country. Some of the instruments are quite old and have been used for serious 
observations at some epochs of their existence. Several universities have acquired 
optical telescopes and these are mainly in charge of the university departments of 
physics or mathematics. These are almost exclusively used for instrumental purposes 
and not used in any observational programme. In some universities where astronomy 
is offered as a special subject, some basic observational expenments using these 
telescopes are Included in their curriculum. 


RADIO ASTRONOMY 

Radio astronomical research in India is relatively new In spite of this late start, there 
have been significant results in this field First efforts to start radio astronomy in India 
were made by Saha in the early 1950's. M K. Das Gupta from the Manchester group 
who joined the Institute of Radio Physics and Electronics was called upon to take up 
a major role in this venture. Saha's premature death, however, caused a setback in 
the scheme. After his death some of his students and admirers decided to set up a 
Radio Astronomy Institute in the memory of Saha, and raised a sum of Rs. 5,00,000/ 
- from the public for this purpose But due to lack of determined efforts in following it 
up, the project did not see the light of the day. 85 Several other institutes have subse- 
quently ventured into this field as described below. 

Indian Institute of Astrophysics 

At the Kodaikanal observatory, radio astronomy had its beginning in the year 1952 
under A.K. Das when continuous recording of solar radio noise flux was commenced 
using a 100 MHz interferometer with twin Yagi type antennas. This telescope was 
designed and built locally using the observatory's own facilities. 86 With available in- 
struments, scintillation observations of Cygnus A and Cassiopeia A were made. In 
the year 1962 a Kodaikanal -Yale project of recording the radio radiation of Jupiter at 
a frequency of 22 2 MHz was also started. Later a 3000 MHz radiometer was in 
regular operation for solar patrol on a tracking 2 meter diameter paraboloid. 87 

In the 70's collaborative project between Indian Institute of Astrophysics and Raman 
Research Institute, Bangalore was commenced. A DecameterWave RadioTelescope 
was jointly set up by the two Institutes at Gauribidanur, 100 km north of Bangalore, 
which became operational in 1 979. At present it is one of the largest telescopes of 
this type in the world. It consists of two long antenna arrays, one oriented in E-W and 
the other in N-S direction, of lengths 1 .5 km and 0.8 km respectively. Operating at a 
wavelength of 1 0 metres the telescope can resolve objects whose angular separation 
is about 25 minutes of arc in the sky. 88 One of the aims of the telescope was to survey 
and catalogue the galactic Hll regions which would appear as absorption region against 
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the background non-thermal continuum It is being used to study radio emission from 
various types of celestial objects such as the Sun, the planets Jupiter and Saturn as 
well as extended radio sources in our galaxy and external galaxies. Some of the 
important studies made using the Decameter Wave Radio Telescope include (1) the 
detection of continuum radiation from the outer solar corona during quiet periods, 
and studies of solar absorption and emission bursts, (2) mapping electron tempera- 
ture distnbution across the ionized hydrogen region, Rosette Nebula, and (3) detec- 
tion of diffuse radio emission from the Coma cluster of galaxies. As a beginning in 
stellar radio astronomy in a guest observer's programme, VLA has been used by IIA 
andTIFR scientists to study ejected hydrogen envelopes from extreme hydrogen de- 
ficient stars. 

Tata Institute of Fundamental Research 

Another group of scientists actively engaged in radio astronomy is at the Tata Institute 
of Fundamental Research. Radio astronomy at this Institute had its beginning during 
the middle sixties when H.J. Bhabha extended the facilities of TIFR to construct a 
radio telescope at Ooty. Bhabha pursuaded young radio astronomers working abroad 
to come home and start work in this field. G. Swarup, M.R Kundu and T.K. Menon 
returned from various institutions in the US and started this venture As a first step, it 
was decided to set up a high resolution interferometer at Kalyan near Bombay for 
studying the Sun. The radio interferometer was designed for making solar observa- 
tions at 610 MHz with a resolution of 2.3 arcmin in East-West and 5.2 arcmin in 
North-South direction. It consisted of 32 parabolic dishes of 1.8 m diameter located 
over a base-line of about 630 m in East-West and 256 m in North-South directions. 
The instrument was first used to make a 2-dimensional map of the Quiet Sun at 61 0 
MHz. It was used for the study of the solar corona and solar bursts. However, as a 
long-term project it was decided to put up a low cost yet a large and powerful tel- 
escope of a new design. A search was made for a suitable location for a large steerable 
radio telescope and Ooty in South India was chosen as the appropriate place. The 
Ooty telescope was successfully completed and was made operational during 1970. 
The telescope is a 530 m long and 30 m wide cylindrical paraboloid placed on a 
mountain slope aligned with the earth's rotation axis and operated at 326 5 MHz. The 
initial primary programme was the measurement of positions and extent of radio 
sources by lunar occupation method. 89 The Ooty Radio Telescope is a spectacular 
success and has put India in the forefront of radio astronomical research in the world. 
Some of its major contributions are the determination of the positions and structures 
of thousands of radio sources with arcsecond resolution which helped studies in ob- 
servational cosmology in a major way. Discovery of a few new pulsars was achieved 
through pulsar search programme undertaken by the Observatory. Valuable informa- 
tion on the distribution of electron densities in the galaxy has been secured using the 
interplanetary scintillation technique for radio observations of radio sources. Several 
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attempts have been made to detect stellar flares Recently several astronomers have 
used the VLA for the study of supernova remnants and hydrogen line emission. 

As a next step in their programme a more refined equipment was taken up. Ooty 
Synthesis Radio Telescope (OSRT) consisting of Ooty radio telescope and 6 smaller 
parabolic cylinders of 112 m x 7.5 m size spread along a baseline of 4 km have 
already been installed. The OSRT will provide a new tool to study radio sources with 
high sensitivity and spatial resolution at meter wavelengths. Using OSRT, mapping of 
some interesting radio galaxies is already in progress. 90 

Physical Research Laboratory 

PRL had started with solar radio observations in late sixties and installed a radio 
spectrograph for studies of solar bursts Their interest, however, later changed to 
interplanetary scintillations (IPS). At the present moment they are setting up a three- 
station array operation at 1 03 MHz for these studies.The three stations are located at 
Thaltej (near Ahmedabad), Rajkot and Surat. Regular IPS observations of radio sources 
such as 3C 273 and and 3C 298 have been made at varying angles from the Sun and 
the transition from a weak scattering to a strong scattering region in the interplan- 
etary medium has been identified. Angular sizes of these quasars have also been 
obtained The laboratory has also plans to operate the array in VLBI-mode for high 
resolution (3 arcsec) studies of galactic and extragalactic radio sources. 84 

Raman Research Institute, Bangalore 

The Raman Research Institute started its programmes in astronomy after V. 
Radhakrishnan took over as Director, in 1 972. The Institute entered into a collabora- 
tive project with the IIA on the construction of the large low-frequency array at 
Gauribidanur. As already mentioned the telescope is now being used to study radio 
emission from various types of objects such as the Sun, Jupiter, our galaxy and 
external galaxies. The scientists of this Institute have also started observational pro- 
grammes with the Ooty Radio Telescope. Among the programmes being carried out 
or completed using the Ooty telescope are a very sensitive search for deuterium in 
the interstellar medium, the accurate determination of positions of pulsars, and a 
major survey of recombination lines in the galactic plane. The last mentioned pro- 
gramme has produced significant result in the understanding of conditions in the 
more diffuse part of the interstellar medium in our galaxy. The Institute is currently 
engaged in constructing a millimetre wave telescope of 10.4 m diameter. Very sensi- 
tive receivers to operate in the millimetre wavelength range are being built in the 
Institute's laboratories 91 


Osmania University 

Although the Centre of Advanced Study in Astronomy possessed good optical set up, 
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their facilities for observations in other bands of electromagnetic spectrum were non- 
existent until a few years ago For observations during the total solar eclipse of Feb- 
ruary 16, 1980 the centre entered into a collaborative plan with PRL and S A.C. 
Ahmedabad for observing the Sun in cm wavelengths. Such a set up with a 1 0 ft 
steerable dish was installed at Japal-Rangapur Observatory in early 1 980 by means 
of which high resolution microwave brightness temperature measurements were made 
during the eclipse The equipment has been retained at site where regular observa- 
tion of solar flux at 10 MHz are now being earned out 92 

X-RAY ASTRONOMY 

Presently, mainly two institutions in India are engaged in research in X-ray astronomy. 
These are TIFR Bombay and ISRO Satellite Centre (ISSC), Bangalore. Earlier, PRL 
also had a programme in this field but this is now transferrd to ISSC. X-ray observations 
have been earned out mainly using rockets, balloons and satellites. 

Rocket-borne astronomical observations have been made in the X-ray range of en- 
ergy 0.1 to 20 keV. Transient X-ray sources such as Cen X-1, X-2 and X-4, binary 
sources like Sco X-1 and Cir R-1 supernova remants and the diffuse X-ray back- 
ground have been extensively studied in these experiments. Energy spectra of sources, 
temperatures, electron densities and sizes of the emitting regions have been de- 
ducted from these observations. Balloon-borne X-ray astronomical observations in 
the energy range of 20-200 keV have been carried out by the group for study of hard 
X-ray emission, from a number of X-ray objects like Her X-1 and Cyg X-1 . 

The first Indian satellites Aryabhata and Bhaskara designed and fabricated by ISRO 
were to carry out X-ray experiments. Observations of the intensity fluctuations of a 
transient nature from Cyg X-1 during April 1975 were reported from the data ob- 
tained from the two satellites. Unfortunately the satellites did not operate long enough 
to provide significant results. 

X-ray astronomy programme at Tl FR started in 1 975. They earned out a few balloon- 
borne expenments where the X-ray emission from Sco X-1 was detected. The group 
also collaborated with the University of Calgary, Canada and Astrophysics Labora- 
tory, Frascati in two separate joint research programmes where several X-ray objects 
like Her X-1, Carb Nebula etc. were studied. Simultaneous optical observations dur- 
ing three balloon experiments were provided by ground-based telescopes at Kavalur 
and Japal-Rangapur Observatories. Presently, the balloon launching facility near 
Hyderabad is being used for experiments in high energy range In a guest observers 
programme they have undertaken a number of interesting observational programme 
with the NASA satellites SAS-3 HEAO-1 and Einstein Observatory. These studies 
have led to the discovery of some new X-ray sources and a new pulsar. 84 
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COSMIC RAY RESEARCH 

Cosmic ray research in India began in 1 938 with cloud chamber studies at the Palit 
Laboratory of the Calcutta University and in 1 942 at Saha's house in Dai]eeling. 
Ground-based cosmic rays studies by foreign scientific teams date back to 1 926 when 
Arthur Compton of the Unviersity of Chicago collaborated with P.L. Bhatnagar and 
others from the University of Punjab (Lahore). With combined equipment, they camped 
on a lake in Kashmir at 1 7,000 ft for a week measuring the intensity of cosmic radia- 
tion at vanous depths (down to 250 feet). The difficult work was terminated by a 
blizzard in which the equipment was temporarily lost. In 1955 a five-year plan of 
development was proposed by Saha for research in cosmic rays. Work was to con- 
tinue at 8000 ft in Darjeeling with two new stations, one at 7,200 ft at Jalapahar and 
the other at a point on the Darjeeling-Lhasa Road at 16,000 ft. The work, however, 
could not progress due to inactivity on the part of government and was abandoned 
after the death of Saha. Some experiments in cosmic ray research were conducted at 
the Bose Institute, Calcutta under D.M. Bose and Indian Statistical Institute under 
PC. Mahalanobis. 85 

At Tata Institute of Fundamental Research, cosmic ray studies were conducted by 
carrying nuclear emulsion assemblies and electronic instruments to altitudes of 30- 
40 km in rubber balloons, and in large volume plastic balloons, in 1950's. Studies 
were also conducted in mountain altitudes to study large extensive air showers pro- 
duced by cosmic rays of energy greater than 1 0 13 eV and in a deep underground site 
in Kolar Gold Fields to investigate the variations and intensity distribution of muons 
and neutrinos. These researches opened up new avenues for the study of solar sys- 
tem The technique of track revelation in grains found in meteorities and later in Moon 
samples was developed and refined to the extent that they led to new discoveries. 89 

TIFR experiments are in progress to study the elemental and isotopic composition of 
cosmic rays at energies of hundreds of MeV and below using plastic detectors. A joint 
experiment by TIFR and PRL with a plastic detector assembly capable of giving time 
resolution with a moving film arrangement was selected by NASA in 1977 for inclu- 
sion in their space shuttle. 

A vanety of problems relating to the ongm and source of cosmic rays, their accelera- 
tion, energetics and propagation in source regions and interstellar space have also 
been taken up at TIFR. In addition, studies of the role of cosmic rays in the large- 
scale dynamics of the galaxy, in relation to exotic objects such as supernova rem- 
nants and neutron stars and in problems of cosmological nature are being pursued. 

At PRL ground-based from cosmic ray detectors were used to study temporal varia- 
tion in their intensities. From these, results of great importance were obtained in 
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fields such as periodic intensity variation, modulation of cosmic rays in the heliosphere, 
properties of the interplanetary medium, solar flare effects and solar wind effects. 
Also at PRL the novel techniques of track revelations in lunar and meteorite grains 
have given very-valuable information on its pre-history, i e. the intensity of cosmic 
tradition over millions of years. PRL also has a programme in cosmic ray astrophysics. 

At the Punjab University, work has been carried out on the composition of cosmic rays 
using nuclear emulsion technique Investigation in cosmic-ray astrophysics is also 
being carried out at the University of Calcutta, and some work in cosmic rays is being 
done in Gauhati University. Nuclear Research Laboratory at Gulmarg. Aligarh Mus- 
lim University and APS University at Rewa are engaged in solar modulation studies. 84 

INFRARED ASTRONOMY 

Infrared astronomy in India is less than a decade old. Observational programmes are 
usually collaborative ventures between scientists of different research institutes. Groups 
at PRL andTIFR are carrying out ground-based IR observations in windows in near 
IR (1-3 micron) using PbS and InSb detector systems since 1978 and 1980 respec- 
tively. IR observations are presently being carried out using the 1 m telescope of 
Kavalur and NainiTal observatories and 12m telescope at Japal-Rangapur Observa- 
tory. Main programmes by the PRL scientists are the photometric measurements of 
Be stars, bright stars with special characteristics, open clusters, dark clouds and 
circumstellar envelopes. In another programme, in collaboration with IIA, observa- 
tions oTcharacteristics of RCrB stars have been obtained to study the variations of IR 
flux and the distribution and production of circumstellar dust. PRL and TIFR groups, 
using the 1-m telescope of IIA detected infrared bursts from the globular cluster 
Lillerl. 92 

Balloon borne MARK II infrared telescope fabricated by the joint efforts of TIFR and 
Vikram Sarabhai Space Centre, Trivandrum was flight tested in late 1 980. The instru- 
ment weighing 900 kg and containing most sophisticated components was success- 
fully launched from Hyderabad balloon facility. The instrument performed satisfacto- 
nly, but unfortunately since the flight termination control failed the entire instrument 
was lost However, the data obtained in December 1 980 flight contained considerable 
scientific information. Infrared signals in 70-130 micron band were observed from 
Jupiter, Saturn and Orion A. A new system incorporating a mirror of 1 m diameter 
and an improved star tracker has since been built, but not yet tested in flight. 84 

In a collaborative programme with Meudon Observatory, PRL has participated in far- 
infrared observations abroad an aircraft. The source observed was Large Magellanic 
Cloud (LMC). In another collaborative programme with the University of Arizona, 
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photometric observations in the infrared were made of SS 433, BL Lac, and the 
galactic centre, in addition to the few T Tauri stars from the telescopes at Kitt Peak 
Observatory, USA. PRL scientists have fabricated a high-resolution Founer trans- 
form spectrometer and spectropolanmeter for studies of the near-infrared. IIA, jointly 
with the Royal Observatory, Edinburgh has taken up infrared studies of RCrB stars by 
using the special instrumentation on IRAS (Infrared Astronomical Satellite). 92 ® 3 

A 1.2 m telescope dedicated for IR work at Mt. Abu is presently under fabrication 
jointly by PRL, IIA and SHAR; this and the 2.34 m telescope now neanng completion 
will be used for infrared experiments in very near future. 

GAMMA RAY ASTRONOMY 

Gamma-ray astronomy in India is still in its infancy. There have been some collabora- 
tive programmes between India and the Soviet Union. During the first phase of the 
programme, the balloon-borne Natalya 1 gamma-ray telescope was successfully 
launched. A study of the galactic anticentre region in 6-150 MeV energy region was 
made Now the second phase of the programme which involves a joint gamma-ray 
astronomy experiment on a Soviet satellite is underway. 

TIFR has been observing very high energy gamma-rays through Cerenkov light flashes 
in the atmosphere collected by a series of photon detectors arranged at an observing 
station at Ooty. A special microprocessor-based photon detector system have been 
built to accurately measure the time of arrival and shape of optical pulses. The Crab 
Nebula is being monitored with 1 m telescope at Kavalur. A joint TIFR-IIA experiment 
to study gamma-ray bursts and their relation to optical pulses from Crab Pulsar was 
undertaken in November 1 983 Another experiment for detection of celestial gamma- 
ray sources has been set up at Gulmarg, Kashmir, by the Nuclear Research Labora- 
tory of the BARC.The main interest here is low energy gamma-ray bursts from su- 
pernovae and mim-black-hole explosions. 

UV ASTRONOMY 

Work on UV astronomy requires the facility of space-crafts or balloons. UV as- 
tronomy is being carried out by IIA and TIFR through the guest observers pro- 
gramme of International Ultraviolet Explorer satellite. At present, there is no facility 
in the country to pursue the study fo this important spectral region. Development of 
such a facility should be attempted soon. The main programmes that are being 
proposed at IUE are the chromospheric and circumstellar properties of hydrogen- 
deficient stars and cooler binary stars with hot companions for a study of the nature 
of the companions. 92 



478 


HISTORY OF ASTRONOMY IN INDIA 


THEORETICAL ASTROPHYSICS 

Research in theoretical astrophysics has been extensively carried out by groups both 
in the national institutions and several universities. At the Indian Institute of 
Astrophysics, theoretical research in astrophysics covered many areas It may be 
broadly divided into (1) physics of the atmosphere of the Sun and stars, (2) physics of 
the interstellar medium, (3) extra-galactic objects and high-energy astrophysics, and 
(4) plasma astrophysics. Various topics in solar and stellar atmospheres consist of 
radiative transfer in spherical media and fine structures in the solar atmospheres 
Studies in interstellar medium comprise of interstellar clouds, grains and ionized 
hydrogen regions. Aspects of stellar evolution including formation of novae, superno- 
vae, planetary nebulae are actively pursued. Studies of extragalactic objects and high 
energy phenomena include supernovae and black holes along with stellar content of 
galaxies, active galactic nuclei, quasi-stellar objects and pulsars. Topics in plasma 
astrophysics cover MHO processes on the sun and supernova remnants and radio 
bursts from the sun. 

There is also large group in TIFR working in theoretical astrophysics. The activities 
started in 1 966 and spread over a number of topics in theoretical astrophysics includ- 
ing atmospheres of cool stars, convection zones in stars, models of pulsars and the 
state of matter at high density. With the discovery of pulsars, theoretical models were 
built for explaining the extreme regularity of pulsar periods and to explain the emis- 
sion mechanism. The equation of state of cold matter has been studied by a number 
of workers to construct neutron star models. The evolution processes leading to the 
formation of collapsed objects were studied; the physical properties of white dwarfs, 
neutron stars and black holes were examined with special reference to their role in 
the context of pulsars and cosmic X-ray sources Work is also being done in areas like 
molecules in comets, planetary physics, models of reflection nebulae in UV, and vertical 
flow in solar and stellar atmospheres. Different aspects of cosmology including non- 
standard models, neutrinos in the universe, and gravitational lensing are being studied. 

At the Raman Research Institute, active research has been pursued on various as- 
pects of pulsars. Models have also been proposed for recently discovered milli-sec- 
ond pulsars. Supernova explosions, their mechanism, frequency and consequent re- 
lation to pulsar birthrates have been topics of investigations. 91 Studies of interstellar 
molecular clouds is picking momentum. 

The theoretical group of the Osmania University is carrying out research in topics 
such as dynamics of galaxies, radiative transfer in stellar and planetary atmospheres 
and positional astronomy. In NainiTal, theoretical studies concerning the formation of 
molecular lines in Sun are actively pursued. 
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At the PRL investigations are being carried on in plasma astrophysics in topics relat- 
ing to the structure and stability of accretion disks around compact objects and the 
dynamics of disk galaxies. Emission mechanisms and radiative transfer problems 
particularly with respect to high energy sources are being carried out 93 

Research in observational and theoretical astrophysics has also been in progress in 
several universities A short list of these centres is given in Table 1 

At Roorkee theoretical studies of the problems of stellar pulsations are pursued. At 
the Gauhati University areas like nuclear reactions in astrophysics, fission processes 
in astrophysics, nucleosynthesis and abundance distribution of elements, X-ray bursts, 
neutron star phenomena, plasma astrophysics have been studied. At Ravi Shankar 
University principal efforts are on cosmological interpretation of high redshift objects 
and theoretical investigation of the chemical abundance in extragalactic objects with 
particular references to QSOs, active nuclei of galactic and physical processes in 
extragalactic objects. At Burdwan University topics like properties of QSOs, compact 
objects and the formation of black holes are being studied A bnef mention of other 
topics of interest are shown in the Table 1 Besides these groups, there are a large 
number of individual scientists in other universities who carry out investigations in 
various topics of theoretical astrophysics, often single handed Efforts to extend help 
to these scientists by way of consultations, participation in symposia and in publica- 
tions form a major part of activities of the Astronomical Society of India. 


ASTRONOMY IN INDIA IN THE 20TH CENTURY 

Table 1 

List of Universities and Institutions with their Major Areas of Research 


1 Aligarh Muslim University 

2 Amaravati College of Engineenng 

3. APS University, REWA 

4. Banaras Hindu University 

5. Burdwan University 

6 Calcutta University 

7. Delhi University 

8 Gauhati University 

9. Gorakhpur University 
10. Gujarat University 


Solar Physics, Cosmic ray studies 
Solar Physics 

Solar Physics, Cosmic Ray studies 
Solar System Research 
General relativity Gravitation, Cosmology 
Astrophysics 

Plasma Astrophysics, Cosmic Rays Re- 
search, Theoretical Astrophysics 
Solar System Research, Plasma 
Astrophysics, Cosmology 
Theoretical Astrophysics, Cosmology, 
General Relativity 
Astrophysics and Cosmology 
Cosmic ray Research, UV, X-ray and 
gamma ray astronomy 
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11. Indian Association for the 
Cultivation of Science 

12 Indian Institute of Astrophysics, Bangalore 


13. Indian institute of Science, Bangalore 
14 Indian Institute ofTechnology, Kanpur 

15. Indian Institute ofTechnology, Kharagpur 

16. Jodhpur University 
17 Kumaun University 

18. Meerut College 

19. Nagpur University 

20. Nehru Planetarium 

21. National Physical Laboratory 
22 North Bengal University 

23. Nuclear Research Laboratory 
24 Osmaraa University 

25. Panjab University 

26. Physical Research Laborary, Ahmedabad 


27 Poona University 

28 Punjabi University 

29. Raman Research Institute 

30 Ravi Shankar University 
31. Roorkee University 

32 Tata Institute of Fundamental Research 

33 UdaipurSolarObservatory 

34. Uttar Pradesh State Observatory 


Theoretical Astrophysics 

Solar Physics, Stellar Physics, Interstellar 
medium, Extragalactic Astronomy, High 
Energy Astrophysics., Solar Terrestrial 
Relations 

Cosmic Ray Studies 
Solar Physics 

Solar Physics, Theoretical Astrophysics 
Astrophysics and Cosmology 
Astrophysics and Cosmology 
Solar Physics 

Astrophysics and Cosmology 

Solar System Studies 

Solar System Studies 

Cosmic Ray Research 

Solar Physics, Cosmic Rays 

Solar Physics, Theoretical Astrophysics, 

Binary star research 

Theoretical Astrophysics, Cosmic Ray 
Studies 

Solar System Research, Radio As- 
tronomy, Infared Astronomy, Optical As- 
tronomy, Cosmic Ray Studies, Plasma 
Astrophysics 
Theoretical Astrophysics 
Stellar Physics 

Theoretical Astrophysics, Radio As- 
tronomy, MillimeterWave Astronomy 
High Energy Astrophysics 
Theoretical Astrophysics 
Solar System Research, Radio As- 
tronomy, Infared Astronomy, Cosmic Ray 
Studies, Theoretical Astrophysics 
Solar Physics 

Solar Physics, Optical Astronomy, Theo- 
retical Astrophysics 


As mentioned in an earlier section, N.R. Sen in Calcutta University and VV. Narlikar 
in Banaras Hindu University may be considered as pioneers of research in general 
relativity in India. In the Calcutta region some interesting work came from individual 
research workers, e.g. B. Datta's 'solution of gravitational collapse' which was pub- 
lished in 1938 (one year before the oft. quoted paper of Oppenheimer and Snyder), 
and S.D. Majumdar's work on 'Einstein-Maxwell equations' in 1947, which came to be 
known as Majumdar-Papapetrov type solutions. A.K. Ray Chaudhuri's contribution to 
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rotating shearing cosmological models in the early 1950's became well-known as 
Raychaudhuri's equation. The BHU school trained several research workers in gen- 
eral relativity, some of whom continue to be active in places like Ahmedabad, Gorakhpur 
and Kolhapur. The first student of V.V Narlikar was P.C. Vaidya whose solutions of a 
radiating mass are often quoted today. Students of Narlikar have carried today the 
tradition of general relativity research at BHU. 

Presently, much of the research in relativity and cosmology comes from universities 
like BHU, Gorakhpur, Calcutta, Burdwan, Gujarat, Gauhati, Bangalore, Mysore, Pune, 
Bhavnagar, Kolhapur, Kumaun etc. Amongst research Institutes mention maybe made 
of S.N. Bose Institute at Calcutta, Matscience at Madras, Raman Research Institute, 
Indian Institute of Science, Indian Institute of Astrophysics all at Bangalore, PRL at 
Ahmedabad andTIFR, Bombay. The work in relativity in India is in the areas of exact 
solutions, Petrov classification of various space-times, astrophysics of highly collapsed 
objects, accretion discs around black holes, gravitational lens and screens, problems 
in unified field theory, Brans-Dicke theory and the Einstein- Maxwell theory, anisotropic 
cosmologies and quantum cosmology. The Indian Association for General Relativity 
and Gravitation was formed in 1969. It has a membership of nearly 175 persons. 


AMATEUR ASTRONOMY AFTER 1 950 

There has been an increase in the number of active amateur astronomy groups 
in the third quarter of the 20th century. The most active groups are in Bombay, 
Calcutta, Bangalore, Madras, Baroda and Goa. 94 Since there is no published 
information available about general amateur activity in India, it is difficult to 
prepare a comprehensive report 

Bombay amateur Astronomers' Association was started in 1976 with R V. Kamath as 
the president of the association. The association has built up a member strength of 
300. Their mam activity includes lecture courses; they regularly bnng out a newsletter 
called M51 , encourage members to take up telescope making and observational' pro- 
grammes Observations of eclipses, lunar occultations, astrophotography, history of 
astronomy and sky watching programmes are some of the activities followed by them. 
The association has a Cassegrainian Schmidt telescope ’Celestron 8‘ and other smaller 
telescopes They took part in the total solar eclipses of 1980 in India and 1983 in 
Indonesia and results of these observations were published in the contnbutions of the 
International Union of Amateur Astronomers. 

Bangalore and Bombay groups participated actively in 1 980 total solar eclipse which 
was visible in India The Bombay group obtained a good colour picture of solar corona 
using Kodachrome film and a Celestron telescope. The Bangalore amateur group 
tried to make polarization measurements along with the white light photographs of 
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solar corona. The Bombay amateur group attempted to measure the speed of shadow 
bands along with the white light photography during the total solar eclipse in Indone- 
sia in May 1983. The Association of Bangalore Amateur Astronomers was estab- 
lished on February 15, 1976. The Association was formally inaugurated on July 4, 
1976 by M K.V. Bappu. They hold meetings every month usually accompanied by a 
review lecture by some active astronomer They have conducted courses on basic 
astronomy and amateur telescope making. They constructed an F/7 Newtonian tel- 
escope of 9-inch aperture in 1 981 by utilizing purely voluntary contribution in cash 
and kind. 

In Madras the two well known associations are the Madras Astronomical Association 
and the Yuri Gagarin Club. The Amateur Astronomical Association in Calcutta is in St. 
Xavier’s College Another active society in Calcutta is the Sky Watching Society, which 
organizes sky watching camps. It has a 3-inch refracting telescope and 10-inch re- 
flecting telescope. 

Amateur astronomy is also encouraged in several universities. Some of the educa- 
tional institutions equipped with small telescopes are the Presidency College of Ma- 
dras and Calcutta; Elphinstone College, Bombay; St Xavier's College, Calcutta and 
Bombay and St. Joseph's College at Bangalore Many other educational institutions 
in the country have sponsored astronomical observations as a part of their routine 
education programme 

ASSOCIATION FOR PROMOTION OF ASTRONOMY IN INDIA 

In 1 952, when the Indian Science congress was held at Calcutta and the University of 
Calcutta was the host, the new Indian Astronomical Society was formed. This idea 
was earlier mooted by Saha but unfortunately due to his untimely death in 1 956 it 
could not be carried out. Some important members of the society were A.C Banerjee, 
N R. Sen, S. Basu, and M.K.V. Bappu. The principal objectives of the society were to 
promote and encourage the study of astronomy, astrophysics, astronautics and allied 
subjects and to bnng out a society journal which will carry onginal results in this field. 
The society aims to encourage lectures and symposia, undertake populanzation of 
the subject and to improve the facilities for observations. However, due to many rea- 
sons the association could not carry out its objectives It was in 1 974 that some of the 
activities were started again, under the efforts of A.K Saha and N.C Lahiri. In 1 980, it 
succeeded in bringing out the first issue of the society publication 'Akash 1 . 95 

Since the Calcutta Association was not very active, the astronomical community in 
India was feeling the need for an association for promotion of astronomy and related 
branches of science in India. Hence the Astronomical Society of India was formed in 
1 972 with its headquarters at Osmama University, Hyderabad. To fulfil its objectives 
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it has undertaken various functions like encouragement of the study in all aspects of 
astronomy and astrophysics, to bnng out a journal, to hold scientific meetings for 
presentation of original research papers and review talks at least once in two years. 
The society has been very active and has largely succeeded in achieving the objec- 
tives. They have undertaken programmes to popularize the science of astronomy 
among the educational institutions and general public in India through lectures and 
scholarships and helped inclusion of courses in astronomy in school and university 
curricula to a limited extent, it has assumed an important task of encouraging ama- 
teur astronomy in India. The Bulletin of the association is being published regularly 
and is considered as one of the leading journals in astronomy in the country. 86 


PUBLICATION 

The Kodaikanal Observatory Bulletin (KOB) has long been the medium of publication 
of research results at Kodaikanal. The first Bulletin was published in the year 1908. 
These bulletins, in addition to research contributions contain the data of the solar 
geomagnetic and ionospheric observations carried out at Kodaikanal. 69 In 1966, the 
Radio Science Division of the PRL, New Delhi, took over the responsibility of publica- 
tion of solar and geophysical data. After the formation of the Indian Institute of 
Geomagnetism in 1971, the new body took over the responsibility of publication of 
geomagnetic data as a national endeavour. Accordingly the publication of solar 
geomagnetic and ionospheric data from Kodaikanal was discontinued from 1978 and 
the bulletins now contain only research papers. In addition to the KOB there was a 
supplementary publication titled Memoirs of KOB of which only one volume has so far 
been published. Nizamiah Observatory has been bringing out the contnbutions of the 
Nizamiah Observatory since 1 962 at periodic intervals.They contain research papers 
published by the observatory staff. 

An important International journal titled Journal of Astrophysics and Astronomy has 
been started by the Indian Academy of Sciences, Bangalore. The publication cames 
papers of a high standard. The publication signifies a bold venture of the Academy 
who felt that the expanded astronomical activities in the country deserve a journal of 
international stature. 97 The journal has a Board of editors drawn from eminent as- 
tronomers all over the world. M.K.V. Bappu as its first chairman ably guided the first 
few years of the journal and set it on its way towards a great future. 

As mentioned in earlier section, Astronomical Society of India also regularly pub- 
lishes a journal titled Bulletin of Astronomical Society of India and also The Memoirs 
of the Astronomical Society of India. "IWo issues of the Memoirs have been brought 
out till now. Four issues of the Bulletin are published in a year. The memoirs are 
special issues brought when new important results containing large amounts of data 
are to be published. 
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The Indian Astronomical society has also been active recently having brought out two 
issues of their journal 'Akash'. 


HIGHLIGHTS OF ACCOMPLISHMENTS IN ASTRONOMICAL RESEARCH 
IN TWENTIETH CENTURY INDIA 

We may conclude this chapter by reviewing briefly the highlights of astronomical 
research in India during the 20th century. This was a period when the face of astro- 
nomical research changed dramatically and rapidly. On the observational front the 
period saw the coming in of large telescopes, and more sensitive detectors, which 
enabled the scientists to reach much further in the universe, thereby expanding the 
old boundaries. New observational windows in the radio and later in other bands of 
electromagnetic spectra opened up, bnnging a great deal of new information which 
revolutionized our ideas about the universe. On the theoretical side, Einstein's Gen- 
eraiTheory of Relativity created a new concept of space and time; the newly acquired 
capabilities of measurements of starlight with laboratory precision encouraged sev- 
eral schools of theoreticians to realistically model reaction processes in astrophysics. 
The major glory of advancements in the subject was cornered by nations with devel- 
oped scienbfic groups whereas efforts by individual scientists generally took a back 
seat. India was a dependent colony for more than half of this period, where encour- 
agement to fundamental research had a low priority in the development plans of the 
state, in spite of all these drawbacks, several noteworthy achievements by Indian 
scientists were made in astronomical research. While some of them were forced to 
migrate from the country in search of suitable facilities, quite a few had sought to 
develop the facilities from within. This development perhaps marks the pinnacle of 
achievements of this period. Most of this work was done in the post-independence 
period by several groups of young scientists, and resulted in the creation of a chain of 
observatories. The names of M.K V. Bappu, G. Swarup and V. Radhakrishnan stand 
out among this group. If we have to single out the most important achievement in 
theoretical astrophysics by an Indian scientist it should perhaps be M.N. Saha's Theory 
of Thermal Ionization. Saha almost single handedly worked out his famous "Ioniza- 
tion Formula". This work has been justly described by Eddington as one of the ten 
most outstanding discoveries in astronomy and astrophysics since the discovery of 
the telescope. 

D.S. Kothari and his colleagues investigated the properties of degenerate matter 
and in a series of important papers discussed topics such as opacity coefficient, 
transport phenomena and ionization of degenerate matter. S. Chandrasekhar also 
made important contributions to the same field before migrating abroad. The work 
on cosmology and relativistic astrophysics pioneered by N.R. Sen in Calcutta and 
V.V. Nariikar in Banaras yielded several new ideas worth noting. In subsequent 
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years, A K. Raychaudhuri’s “Raychaudhuri Equation" describing rotating, shearing 
cosmoEogica! models and P.C. Vaidya's "Vaidya Metric" for a radiating sphencal star 
stand out as highlights. More recently, J.V Narlikar has made outstanding contribu- 
tions to the theory of C-field and steady-state cosmology and developed Hoyie-Narlikar 
Theory of Conformal Gravity in collaboration with Hoyle. In observational astronomy, 
notable work on the Sun was done by Evershed and Royds at Kodaikanal and on the 
"Carte du Ciel" programme at Nizamiah Observatory. Later developments were the 
modernization of solar observational equipment at Kodaikanal by Das and Bappu, 
establishment of Naim Tal and Kavalur Observatories by Bappu, and installation of 
medium size optical telescopes at Rangapur, Naini Tal and Kavalur, with modern 
observational accessories A major venture undertaken which is close to completion 
is the indigenous fabrication of a large optical telescope of 234 cm aperture at Kavalur. 

For observations in the radio wavelengths the large cylindrical paraboloid at Ooty is a 
major construction. The array has also been extended by the addition of more tel- 
escopes in interferometric arrangements. The OSRT (Ooty Synthesis RadioTelescope) 
is one of the most powerful instruments of its type in the world today. 

At still longer wavelengths, the Gauribidanur Low Frequency Array possesses one of 
the largest collecting area available today. This is a unique instrument enabling scien- 
tists to probe the universe in the decametre wavelengths. 

In the field of X-ray astronomy and cosmic rays, several balloon, rocket and satellite 
borne payloads have been designed, constructed and launched.This definitely consti- 
tutes a big step forward in our scientific efforts. 

Similar efforts are under way in the fields of infrared and millimetre wave astronomy. 
Considerable progress in instrumentation has been achieved. 

Several important results in astrophysics have been found by employing these newly 
developed observational systems. In the field of solar physics, detailed studies of 
photospheric oscillations have yielded important data on solar seismicity, dynamics of 
the regions surrounding sunspots and near the temperature minimum have been 
studied in detail and a long-standing problem of width-luminosity relation of Wilson 
and Bappu has been solved. Observations dunng the three total solar eclipses have 
confirmed the existence of cooler regions in the lower corona. Studies of rapid fea- 
tures in solar decametric bursts have thrown considerable light on the mechanism of 
these phenomena. 

In studies of solar system astrophysics, several epoch-making discoveries have come 
out of a series of planetary occupations. Discoveries of the rings of Uranus and the 
outer rings of Saturn were made from observations done with the telescopes at Kavalur 
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and NainiTal. Interplanetary scintillation studies, and the observations of progressive 
change in cometary spectra with varying heliocentric distances have given a much 
clearer picture of the interplanetary medium. 

In extragalactic studies, impressive results are obtained by S.M. Alladin and his col- 
leagues in modelling theoretically the dynamical interactions between galaxies Ob- 
servational and interpretative work of good standard on peculiar and radio galaxies 
and quasars is being carried out at the Radio Astronomy Centre of TIFR and at Indian 
Institute of Astrophysics. While studies in stellar physics, interstellar matter and ga- 
lactic structure are avidly pursued in all the optical observatories and by groups in 
TIFR and PRL, the radio observations are continuing at Ootacamund and Gaunbidanur. 
A strong group on the studies of pulsars and supernova remnants, as also on inter- 
stellar molecular clouds, is emerging at the Raman Research Institute. 

Narration of achievements by Indian scientists will be incomplete, if note is not taken 
of the outstanding work done by several scientists, who either migrated abroad or did 
a significant portion of their work while abroad. Top of the list is, of course, occupied 
by the Nobel Prize winning Indian born scientist, S. Chandrasekhar. A major part of 
the original discoveries of M.K.V. Bappu in stellar spectroscopy was achieved while 
still in USA. So was the monumental work of M.R. Kundu and K. Nandy whose out- 
standing contributions were made while working abroad. There were several others, 
notably H.K. Sen, T.K. Menon, S.S. Kumar, V. Radhakrishnan who have left indelible 
marks in the international astronomical literature by their significant achievements 

When the decision was taken by IAU to name newly discovered lunar craters on the 
far side of the Moon after the departed scientists, names of seven eminent scientists 
from India were selected. The names are : J.C. Bose, P.C. Ray, H.J. Bhabha, M.N. 
Saha, S.K. Mitra, A.K. Das, and J.B.S. Haldane. In a later meeting three more names 
were added and those were C.V. Raman, V.A. Sarabhai and S.N. Bose Besides 
these, the Moon's surface also bears the names of three British astronomers who 
spent the best years of their lives in the persuit of science in India. The names are 
those of N.R. Pogson, J. Evershed and T. Royds. These are token salutations of the 
International Community of astronomers to the great minds who have enriched Indian 
science in the present century.* 


* We are indebted to many individuals for their collection of basic information. We are 
specially thankful to Prof. Ch. V. Sastry, Dr. T. P. Prabhu and Dr. P. K. Das for their help 
in the preparation of part of the manuscnpt, to Dr. N. Kameswara Rao for carefully 
scmtinizing the manuscript and making several useful suggestions, and to A. M. Valsalan, 
K. T. Rajan, S. Pramila and K. Padmavathi for typing work at vanous stages. 
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APPENDIX 

A CHRONOLOGY OF ASTRONOMICAL EVENTS IN INDIA 
IN THE TWENTIETH CENTURY 

1 901 Establishment of Nizamiah Observatory 

Solar Observations started at Kodaikanal 
1 904 Spectroheliogfam sequence started at Kodaikanal 

1 908 Nizamiah Observatory taken over by Nizam's Government 

1 909 Evershed effect discovered 

1910 Appanbon of Comet Halley 
Astronomical Society of India established 

1912 Nizamiah Observatory joins Carte du Ciel programme 

1913 Evershed earned out solar experiments in Snnagar, Kashmir 

1 920 M.N. Saha's paper on ionization in solar chromosphere 

1 921 Saha's paper on stellar spectra 

1 932 D S Kothan's paper on degeneracy in stellar core 

1 936 Royd's measurement of solar limb spectra 

1 937 Saha describes the idea of stratospheric solar observatory 
1 946 Saha Committee on Astronomy 

Tata Institute of Fundamental Research established 
Spectroscopic observatory at Nizamiah Observatory 

1 951 UP State Government decides on an astronomical observatory 

1 952 Radio observations of the Sun started at Kodaikanal 
Indian eclipse expedition to Iraq 

1 953 Physical Research Laboratory established 

1 954 Astronomical Observatory at Varanasi started 
Kodaikanal joins International Mars Programme 

1 955 Naim Tal Observatory started observations 
Indian eclipse expedition to Ceylon 

1 957 Indian Astronomical Ephemens released 

Intensified solar observations undertaken in connection with IGY 

1 963 First rocket flight from Thumba 

Solar Eclipse Observations in Maine, USA 
TIFR takes up Radio Astronomy Programme 

1964 Centre of Advanced Study in Astronomy was opened at Osmama University 
India admitted as a regular member of IAU 

1 965 Solar magnetograph observations started at Kodaikanal 

1 967 Kavalur Observatory established 

1968 Rocket flight with X-ray payload from Thumba 

1970 Indian Eclipse Expedition to Mexico results in new coronal data 
Ooty RadioTelescope commissioned 

Names of seven Indian scientists put on Moon 

1971 Formation of Indian Institute of Astrophysics 

First Photoelectnc observation of planetary occulation from India 
International Mars programme observations at Kavalur 

1 972 *Two one-metre telescopes installed at Naim Tal and Kavalur 
Ganymede atmosphere detected 
Raman Research Institute starts Astrophysical research 
Astronomical Society of India constituted 
IIA starts on 234 cm telescope project 


1974 
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Vedhashala undertakes observational programmes 
Aryabhata with X-ray Payboard launched 

1 975 Computer controlled spectrum scanner commissioned at Kavalur 

1976 Three more Indian names put on moon 

1977 Discovery of Rings of Uranus 

1 978 PRL starts 1 22 cm IR Telescope project 

1979 M K V Bappu elected as President IAU 
First detection of IR bursters at Kavalur 

1 980 Total Solar Eclipse in India 
Balloon-borne far IR telescope launched 

1 983 Indian Eclipse Expedition to Indonesia 

1 984 Discovery of Outer nngs of Saturn 
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Jyotisasara of Thakkar Pheru — included in the Ratnapariksadi-sapta-grantha- 
samgraha, Jodhpur 

KaksyapratimaJidaladisloka-yukti — Mss Kerala, 95. 

Karanakutuhala of Bhaskara II — Ed. with the the com. of Sumatiharsa, by M.S. 
Purohita, Bombay, 1901. 

— Com. by Ekanatha, Mss. CESS, Al. 60a. 

— Com. by Padmanabha, Mss CESS, A 4. 

Kamnamrta of Citrabhanu — Ed. Narayanan Namputiri, Trivandrum, Skt. Ser 

Tnvandrum 1975 

Kararmpaddhati of Putumana Somayaji — (1) Ed. by K.Sambasiva Sastn, Trivandrum, 
1937. 

(2) With two Malayalam corns., Ed. by S.K. Nayar, Madras, 1956. 
Karanaprakasa of Brahmadeva — Ed by Sudhakara Dvivedi, with his own com., 
Chowkhamba Skt. Ser 23, Benaras, 1899. 

— Com. by Damodara, Mss. CESS A3, 1 00 b-1 01 a. 

— Com. by Amaresa, Mss. CESS Al , 45 b. 

— Com. by Govinda, Mss. CESS A2, 1 35 b-1 36a. 

Karanaratna of Devacarya — Ed. withTr. by K S. Shukla, Lucknow University, 1979. 
Karanasara by Sankara — Mss. Kerala, 97. 

Khandakhadyaka of Brahmagupta — (1 ) with com. of Prthudaka SvamT, Ed. by P C. 
Sengupta, Calcutta University, 1941; 

(2) Tr. by P. C. Sengupta, Calcutta University, 1934. 

(3) With the com. of Bhattotpala and Tr. by Bina Chatterjee, 2 Vols., Calcutta, 
1970. 

(4) Com by Amaraja, Mss. CESS A-1 , 500-506; A-2, 150. 

Knydsamgraha I- II — Mss Kerala, 102 
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Kujadi-pancagraha-mahavakyam Mandalavakyam or Samudrav&ky am, — included 
as App. to Vakyakaranam. 

Laghubhaskanya of Bhaskara I — (1 ) Ed. with the com. of Paramesvara, Anandasrama 
Skt. Ser. 128, Poona, 1946. 

(2) Ed. and Tr. by K. S Shukla, Lucknow University, 1963. 

(3) With the com. of Sarikaranarlyana, Trivandrum Skt. S 1 62, 1 949 

(4) Com. by Udayadivakara, CESS, A 1 , 56b-57a. 

Laghumanasa of Munjala or Mufijalacarya — (1) Ed with the com of ParameSvara, 
Anandasrama Skt. Ser. 123, Poona, 1944. 

(2) Com. by Prasastadhara, Mss. CESS, A4. 

(3) Com. by Suryadeva Yajvan. Mss. Kerala, 1 60. 

(4) Com. byYallaya, Mss. Bibl. Skt Astr , 255. 

Lagnaprakarana of Madhava — Mss Kerala, 1 59. 

Laghu-Vasistha-siddhanta — Included in Vindhyesvari Prasad Dube’s edn. of 
Jyautisa-siddhdnta-sarngraha, Benaras, 1881, rep. 1917. 

Lildvati of Bhaskara II — (i) With the com. Knyakramakari of Sankara and Narayana, 
Ed. by K. V. Sarma, V. V R. Inst., Hoshiarpur, 1974. 

(2) Ed. with Colebrooke's Tr. and Notes by Haran Chandra Banerjee, Calcutta, 
1927. 

Lokavibhaga of Simhasuri — Ed. by Balachandra Siddhanta Shastri, Sholapur, 1962. 

Mahabhaskariya of Bhaskara I — (1) With the Bhasya of Govindasvamin and 
supercommentary by Paramesvara, Madras, 1 957. 

(2) With com. of Paramesvara, Anandasrama Skt. Ser., 126, Poona, 1945. 

(3) Ed with Eng_Tr. by K. S. Gupta, Lucknow University, 1960. 

Mahasiddhdnta of Aryabhata II — (1) Ed. by Sudhakara Dvivedi, with his own com., 

Banaras, 1910. 

(2) The Purvaganita of Aryabhata's (II) Mahasiddhanta (i e., chs. 1-13 of the 18 
chs.) — Ed. and Tr. by S R. Sarma, 2 pts , Marbury, 1966. 

Mandala- vakyas (Samudra-Vakyas) — See Kujadipancagrahavakyas . 

Nandisutra — With the com. of Jinadasa — Ed. Punyavijaya Muni, Bombay, 1 966. 

Nyayaratna |-|| of Putumana Somayaji — Mss. Kerala, 1 33. 

Paitamahasiddhanta — Part of Pahcasiddhantika of Varahamihira. 

Paitamahasiddhanta of the Visnudharmottarapurana — (1) Included in the Jyautisa- 
siddhantasamgraha . 

(2) Ed. D. Pingree, with Tr., ALB, 31-32, 472-510, 1967-68. 

Pancabodha l-XI — Mss. Kerala, 134-37. 

Pancasiddhantika of Varahamihira — (1) Tr. and an original com. by G.Thibaut and 
Sudhakara Dvivedi, Benaras, 1889; rep. Chowkhamba, Benaras, 1967; 

(2) Ed. with Tr. by O. Neugebauer and D. Pingree, 2 vols., Copenhagen, 1970, 
1971; 

(3) Ed. with Tr. by T. S. Kuppanna Sastn (in Mss.) 

Parasiprakaia of Krsnadasa. 



BIBLIOGRAPHY 


495 


Parasiprakasa of Vedangaraya Malajit — Mss. Bibl Skt. Astr , 239-40. 

Parasivinoda of Pdrasivinodananda of Vrajabhusana, — Mss. Bibl Skt Astr , 251 . 
Pauli&a-siddhanta — Part of the Pancasiddhantika of Varahamihira. 
Pratoda-yantra of Ganesa Daivajfia — Ed. with Tr. by S. D. Sharma, Martand Bhavan, 
Kurali (Pb.), 1982. 

Rajamrganka of Bhoja (version by Rama) — Ed. by K. M. K. Sarma, ALB 4, 95-1 05, 
1940. 

Ramavinoda by Rama — Mss. Bibl Skt. Astr., 1 79. 

Rd&igolasphutaniti , acc to Acyuta — (1) Ed with Tr by K. V. Sarma, Adyar Library, 
Madras, 1953. 

(2) Ed with Tr True longitude computation of the sphere of the Zodiac by K. V. 
Sarma, Vishveshvaranand Inst., Hoshiarpur, 1 977. 
Ratnapariksadi-sapta-granthasangraha of Thakkar Pheru, Rajasthan Puratattva 
Granthdvali, Jodhpur, 1 961 . 

Rekhdganita of Jagannatha — Ed with Tr. by K. P.Trivedi, 2 Vols., Bombay, 1901-2. 
Rgveda — (1 ) with Bhasya of Siyanacarya, Ed. by Max Muller, 6 vols , London 1 854- 
74; rep. Chowkhamba, Varanasi, 1963. 

(2) Tr by W Wilson, 6 vols., London, 1850. 

(3) Tr. by R.T. H. Griffith, 1896; rep. Chowkhamba, Varanasi, 1963. 
Romaka-siddanta — Part Of the Pancasiddhantika. of Varahamihira. 

Samaveda — (1) Ed. with the Bhasya of Sayana, by Satyavrata Samasrami, Asiatic 

Soc., Calcutta, 4 vols., 1874-78. 

(2) Tr. by R.T. H. Griffith as Hymns of Samaveda, 1907; rep Varanasi, 
Chowkhamba Skt. Ser., 4th edn., 1963 

Samratsiddhanta by Jagannatha — (1) Ed. by M D. Chaturvedi, Sanskrit Parishad, 
Sagar University, Sagar; 

(2) Latter part of Vol. Ill of the edn. of Samratsiddhanta Ed. by Ram Swarup 
Sharma, 3 vols., New Delhi, 1967-69. 

Samudravakyas (Mandalavakyas) — SeeKujadipancagrahavdkyas. 
Samgrahasadhanaknya of Azvanceri Tamprakkaj — Mss Kerala, 173. 

&ankhayana Aranyaka — or KausitakiAranyaka — 

(1) Ed Anandasrma Skt. Ser. 90, Poona, 1922; 

(2) Tr. by A. B. Keith, 1908. 

(3) Ed. by Bhim Dev, Vishveshvaranand Institute, Hoshiarpur, 1 980 
Sankhayana Brahmana or Kausitaki Brahmana — 

(1 ) Ed. Anandasrama Skt Ser 65, Poona, 1911. 

(2) Tr. by A. B. Keith, in his Rgveda Brahmanas, Hos. 25, 1920. 

Satapatha Brahmana — (1) with extracts from the corns, of Sayana, Harisvamin and 

Dviveda-Ganga. Ed. by Weber, Leipzig, 1924; rep. Chowkhamba, Varanasi, 
1964. 

(2) Tr. by J. Eggeling, 5 vols , London, 1 882-1 900, rep. Motilal Banarsldass, Delhi, 
1966. 
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Siddhantadarpanam of Nllakantha Somayaji — 

(1) Ed. by K. V Sarma, Adyar Library, Madras, 1955. 

(2) With auto-com Ed. by K.V Sarma, Vishveshvaranand Inst , Hoshiarpur, 1976 

Siddhantaraja of Nityananda — Mss.BiW. Skt Astr., 159. 

Siddhantasara-kaustubha of Jagannatha — Comprised of chs -1-13 in the edn. of 
Samratsiddhanta, 3 vols., by Ram Swarup Sharma, New Delhi, 1967-69 

Siddhdntasarvabhauma ofMunisvara — Ed. by MuralidharaThakkura, Benares, 1932. 

Siddhanta&ekhara of SrTpati — Ed by Babuaji Misra, Calcutta University, 2 pts , 
1947 

Siddhantasindhu of Nityananda — Mss. Bibl Skt , 1 59 

SiddhantaSiromam of Bhaskara II with auto-com, Vasana — (1 ) Ed. by Sudhakara 
Dvivedi, Kashi Skt. Ser. 72, Benaras, 1 929. 

(2) Com by Ganesa Daivajna, Mss. CESS A2 100-1 Mss. 107a;J3iW Skt Astr , 
67. 

(3) Com. by Nrsimha, Mss. CESS A3, 205a-206a, Bibl Skt. Astr , 1 59 

(4) Com by Mumsvara, Mss. CESS A4, Bibl skt Astr 145. 

Siddhantasundara of Jnanaraja — with com. by Cintamam — Mss. CESS A3, 49 b, 

Bibl. Skt. Astr , 93-94. 

Siddhantatattvavweka of Kamalakara, with Sesavasana — (1 ) Ed. with Notes by Sudha- 
kara Dvivedi, Benares Skt. Ser. 1, 1885. 

(2) Ed. with com. by Gangadhara Misra Sharma, Lucknow, 1 929. 

Sisyadhi-vrddhida-tantra of Lalla, critically edited With the commentary of Mallikarjuna 
Suri by Bina Chatterjee, Indian National Science Academy, New Delhi, 1981. 

Somasiddhdnta — Included in Jyautisasiddhdnta-samgraha. 

Sphutacandrapti by Madhava — Ed withTr. by K.V. Sarma, Vishveshvaranand Inst., 
Hoshiarpur, 1973. 

Sphutamrnaya-Tantra of Acyuta with auto-com. Ed. by K.V. Sarma, Vishveshvara- 
nand Inst., Hoshiarpur, 1974 

Sthananga-sutra — With Vivarana of Abhayadeva Suri, N.S. Press, Bombay, 1918- 
19. 

Suryacandracchdyaganita — Mss. Kerala, 176. 

Suryacchayadigamta l-ll — Mss. Kerala, 177. 

Suryapaksaiarana or khacaragam a by Visnu — Mss. Bibl. Skt Astr , 244-45. 

Suryaprajnapti — Ed. with the com., of Malayagiri, Agamodaya Samiti, Bombay, 
1918. 

Siiryasiddhanta — Part of Pancasiddhantika of Varahamihira. 

Suryasiddhanta (Later) — (1 ) With the com. of Paramesvara, Ed. by K. S Shukla, 
Lucknow University, 1957, (2) 11". by Rev. E. Burgess, 1860; rep. with Intro, by 
P.C.Sengupta, Calcutta university, 1935; rep. Indological Bookhouse, Varanasi- 
Delhi, 1977. 

Com. by Mallikarjuna Suri, CESS, A4; Bibl. Skt. Astr., 140. 

(2) Com by Canclesvara, Mss. CESS A3, 40b-41 a, Bibl. Skt Astr., 47 
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(3) Com. by Madanapala, Mss CESS A4; Bibl. Skt Astr , 128. 

(4) Com. by BhQdhara, Mss. CESS A4, Bibl Skt Astr., 35-36. 

(7) Com. by Tammayajvan, Mss. CESS A3, 85a-B6a; Bibl Skt Astr., 223-24 

(8) Com by Nrsimha, Mss. CESS A3, 204a-205a, Bibl Skt Astr., 1 61 . 

(9) Com. by Kamalakara, Mss. CESS A2, 23a, Bibl. Skt Astr., 101 . 

(10) Com. by Dadabhai, Mss. CESS A3, 97a-97b, BifcZ Skt Astr., 50. 

(11) Com. in Bengali by Swami Vijnanananda, Calcutta, 1909. 

Taittiriya Aranyaka — Ed.Anandasrama Skt Ser 36, Poona, 1897 

Taittiriya Brahmana — With the com Of Sayanacarya — Anandasrama Skt Ser 37, 
3 Vols., Poona, 1898. 

Tantrasamgraha of Nllakantha Somayaji — (1 ) with the com Laghuvivrti of Sankara 
Ed. by S K Pillai, Trivandrum, 1958 

(2) With the com Yuktidipika and Laghuvivrti of Sankara, Ed. by K. V Sarma, 
Vishveshvaranand Inst., Hoshiarpur, 1 977. 

Tattvarthadhigamasutrabhasya of Umasvlti — With auto-com , Tr. by J. L. Jain, 
Sacred Bks of the Jamas, No. 2, Arrab, 1 920. 

Tiloyapannatti ( Tnlokaprajhapti ) of Yativrsabha — Ed. by A. N Upadhye and H L. 
Jain, Sholapur, Pt I (1943), Pt II 0951). 

Tnlokasdra of Nemicandra with the Sanskrit commentary of Madhavacandra — Ed. 
by Manohar Lai Shastri, Bombay, 1918. 

Ukara by Savajusaya (Theosedeus), (Skt. Tr. by Nayanasukhopldhyaya) — Ed. by 
Vibhutibhusana Bhattacharya, S. S. Skt. University, Varanasi, 1978. 

Uparagaknyakrama of Acyuta — Mss. Kerala, 93. 

Uparagaknyakrama, based on NTlakantha's work — Mss.-fiTeraZa, 93. 

Uparagaknyakrama by Narayana — with com — Mss. Kerala, 93. 

Uttaradhyayana-sutra — with the com of Kamalasamyama Upadhyaya, Ed. by Muni 
Jayanta Vijaya, 4 vols , Agra, 1 923. 

Vakyakaranam, with the com. of Sundaraja — Ed. by T. S Kuppanna Sastri and K. V. 
Sarma, K. S. Res. Inst., Madras, 1 962 

Vasistha-siddhdnta — Part Of the Pancasiddhantika of Varahamihira. 

Vatesvarasiddhanta of VateSvara — (1) Ed by Ram Swarup Sharma and Mukunda 
Mishra, New Delhi, 1962. 

(2) Ed. with Tr. by K. S. Shukla, INSA, New Delhi. 

V edanga-Jyohsa or Jyotisa-Vedahga — Ed. with Tr. and Skt. com. by R Shama 
Sastri, Mysore, 1 936. (2) VedaiigaJautisam, text in Sanskrit DevnagarT Script 
and notes in Bengali by S Bhattacharya, Sanskrit College, Calcutta, 1975. 

Venvaroha of Madhava with the com. of Acyuta — Ed by K. V. Sarma, Sanskrit 
College, Tripunithara (Kerala), 1 956. 

Venvarohakriya — Ed. by K. V. Sarma, as App II. to his edn of Venvaroha. 

Ve^varohcisfakam of Putumana Somayaji — Mss. Kerala. 1 67. 

Vrddha-Vasisthasiddhdnta — (1) Ed.by Vindhyesvan Prasad Dvivedi, Benaras, 1881; 

(2) Included in Jyautisasiddhdnta-samgraha, 
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Vyadpatagariita — Mss. Kerala, 1 68-69 

( Yajurveda , &ukla) — Vajasaneyi Samhita — (1 ) With corns. Of Uvata and Mahldhara, 
Ed. by V L Pansikara, N. S. Press, Bombay, 1929. 

(2) Tr. by R T. H. Griffith, Hymns of the Yajurveda, London, 1899, rep. 
Benaras,1957. 

( Yajurveda ) — Taittiriya Sanihvta — (1) With the com. of Sayanaclrya, Ed. by Roer 
and Cowell, 6 vols., Calcutta, 1854-99. 

(2) Veda of the Black Yajus school, Tr. by A B. Keith, Harvard Or. Ser. 18, 19, 
Cambridge (Mss.), 1914. 

Yantracintamam of Cakradhara — (1 ) With the com. of Rama by B. Sarman, Benaras, 
1883. 

(2) With Skt. and Hindi commentaries by S. Sarman, Mathura, 1898. 
Yantraprakasa of Ramacandra, with auto-com. — Mss. Bibl. Skt Astr., 1 78-79. 
Yantraraja of Mahendra Suri, with com by Malayendu Suri — Mss. Bibl. Skt Astr., 
133-34, 138. 

Yantrarajaracaha of Sawai Jaisingh, Ed. by Kedarnath, The Pandit (Jaipur) I (1 924), 
art 2 with, as art 3, the English Tr. pub. originally by A. H. Garret and C. 
Guleri in their The Jaipur Observatory and its Builder, Allahabad, 1 902. 
Yantrarajaracana of Sawai Jai Sing, Ed. by Kedarnath, with the Yantraprabha of 
SrTnatha and the Yantrarajaprabhd of Kedaranatha, Jaipur, 1 953, Raj'asthdna 
Puratattva Granthamala, No. 5. 

Yantraratnavali of Padmanabha — Mss .Bibl skt. Astr., 162-63. 

Yuktibhasa of Jyesthadeva (Malayalam) — Pt. I, Ed. by Ramavarna Maru Thampuran 
and A. R. Akhileswara Iyer, Mangalodayam, Trichur, 1948. 

BIBLIOGRAPHY 
A. PRIMARY SOURCES 
b. Arabic and Persian 

A’in-i Akbari of Abul Fadl, Ismai’lTya Press, Delhi, (A. H. 1272). 

A’in-iAkbari — (i)Tr. into English by H. Blochmann, Asiatic Society, Calcutta, 1867- 
77. 

AkbarNdma of Abul Fadl, Calcutta, 1877. 

Al-Athdr al-Baqiya of Al-Blrunl, Edited by E. Sachau. 

Al-Kamilfiat-Tankh of Ibn al-Athir, Dar Beirut lit-Taba’ at wa-an-Nashr, Beirut, 1950. 
Al-Zij al-Sindhind al-Kabir of Muhammad ibn Ibrahim al-Fazarl, being an ArabicTr. of 
the Mahasiddhanta of Aryabhata II : See Pingree, D. The fragments of the 
works of al-Fazarl, 1 JNES 29, 1970. 

'Amal-i$alifi of Muhammad Salih Kamboh, Majlis Taraqqi Urdu, Lahore, 1960. 
Aihar-us-Sanadid of Sir Sayyed Ahmad Khan, Delhi, 1965. 

At-Ta?rih of Imam-ud-dln RiyadT, Mujtabai, Delhi, 1 935. 
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Az-Zij-ul-Kabir-ul-Hakimi of Ibn Yunus al i bin 'Abdur-Rahman bin Ahmad Abul Hasan 
(HakTmT Tables) edited Par le Caissm, Paris, 1 904. 

Babur Nama of Zahiruddin Babur, Chittra Prabha Press, Bombay 
Bab Tashnh al-Aflak of ‘Ismat ullah Saharanpur (written in 1086 A H.), the manuscnpt 
is at the M.A.Library, Aligarh, University Collection, 'Arabiya 'Ulum No. 19 
Dabistan-ul-Madhahib, Munshi Nawab Kishore Press, Kanpur 
Diwan of Masud sa’d Salman (collected poetical works), edited by Rashid Yasmi, Payroz 
Tehran, 1339KhuvshId. 

Fanshta (History of India) 

Habib-us-Siyar fi Akhbar-i Afrad-il-Bashar of Mir Ghyath-ud-din Muhammad bin 
Humam-ud-dm Khawand, Vol. Ill, Part IV, Tehran, 1857. 

Jami’ Bahadur Khani of Ghulam Husayn jaunpuri, Calcutta, 1 835. 

Kitab-al-Hind or Tahqiqu ma III Hind mm Maqbulatin mdal ‘Aql-i-an Marzulatm 
(also known as Indica) of Al-Blrunl, Hyderabad, 1958. 

Kitab Tahdid Nihdyat al-Amakm of AI-Birunl, Journal Ma'akad ul-Makhtutat al- 
‘Arabiya, Vol VIII, Parts I & II, 1967 
Kitab -ul-Fihnst of Muhammad bin Ishaq Ibn-un-Nadim, Leipzig, 1872 
Ma‘athir-i-Rahimi of 'Abdul Baq? Nahawandi, Calcutta, 1925. 

Ma‘athir-ul-Kiram of Ghulam 'All Azad, MufTd ‘Am Agra, 1910 
Maqalid Ilm al-Hay’at of Al-Blrunl, Manuscript copy in the Library of the Asiatic 
Society, Calcutta, No. 15-111. 

Matla’ -us-S'adayn ofMaulana Kamal-ud-dIn‘Abd-ur-Razzaq, Samarqandl, Lahore, 1950 
(A. H 1360). 

Mu' jam al-Udaba’ ofYaqutHamwi, Daral-Mamun Press. Cairo 
Muruj-al-Dhahab wa Ma’adm-ul-Jauiahir of 'All bin al-Husain bin ‘Ali, Abu al^Hasan 
al-Ma’sudi, Dar-ur-Rija wa al-Nashr, Egypt, IV. 

Nuzhat-ul-Khauiatir of ‘abdul Hayy Nadwi, Dairat-ul-Ma’arif, Hyderabad. 

Qdnun Ma'sudi of Al-Blrunl, Vol. I, Hyderabad, 1 958. 

Qiran-us-Sadayn of Amir Khusro, Institute Press, Aligarh College, 1918. 

Sharh-i Chaghmini (Commentary on ChaghmTnT's al-Mula-khkhasfi-l-hay‘at) of QadT 
Zadah Rum! Salah-ud-dTn Musa, Mujtabai, Delhi. 

Sirdj-ul-Istikhraj of Mulla Farid; the original copy of the manuscnpt is in the India 
Office Library, a microfilm copy of the manuscript is available at the M A 
Library, Aligarh. 

Sirat-I Firoz Shdhi, M. A Library, Aligarh Muslim University Collection (Farslya Akhhar), 
MS. No. 111. 

Suwar-ul-Kawakib of Lutfullah Muhandes.The Arabic Original of 'Abd ur-Rahman-as- 
SufT, which is on the same title has been published by Da’irat-ul-Ma'arif, 
Hyderabad This Persian translation is available at M.A. Library, Aligarh Uni- 
versity Collection (Persian MSS), No. 31. <-j- _ 

Tabaqat-ul-Umam of QadT SI’id AndulusI, Maiba-us-Sa’adat, GatfoipA ,M> 

Tabsira of Al-KhurqT, manuscript in M A. Library 'Abd al-Hayjr C<fle8tK!lfi', Aligarh. 
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Tadhkira Baghistan of Imam-ud-dm Riadi, a unique autograph copy in the Library of 
the Lucknow University 

Tarikh al-Hind of Al-Blrunl — Tr. by E Sachau under the title Alberum’s India, 
London, 1910 

Tarikh Firoz Shahi of DiyauddTn Barm 

Tarikh-ul-Hukuma’ of 'All bin Yusuf Jamal-ud-dTn ‘Abu al-Hasan Ibn al-Qifti, Leipzig, 
1903 

Tatimma Suwan-ul-Hikma of ‘All bin Abul Qasim Zayd Bayhaql, Lahore, 1 931 . 

Tuzuk-i Jahangiri of Emperor Nurudd In Salim JahangT r, edited by Sir Sayyed Ahmad 
Khan. 

Zij-i Bahadur Khani of Ghulam Husayn JaunpurT, Original Public Library, Patna, a 
photocopy of the manuscnpt is with the writer 

Zij-illkhdni of Naslr-ud-dln al-TusT, British Museum Library, Persian Manuscript No. 
Add 1698, microfilm copy available in M.A. Library, Aligarh 

Zij-i Jami Mahmud Shah Khilji, preserved in the Bodlian Library, Oxford (vide Cata- 
logue of Persian MSS in the Bodlian Library, 930, MS No. 1522), a microfilm 
copy of the manuscript is at the M A Library, Aligarh, and a photocopy is with 
the writer. 

Zij-i Khaqani of Kashi Jamshid GhiyathuddTn; the manuscnpt is in the India Office 
Library; a microfilm copy is available in the M.A. Library, Aligarh, Professor E. 
S. Kennedy will shortly publish a critical edition of this Zij 

Zij-i Muhammad Shahi of Jai Singh Sawai, Maulana Azad Library, MS No 29, Aligarh, 
see also MS. No. 30 (Farslya ‘Ulum). 

Zij-i Shahjahani of Mulla Farid, the manuscript is in British Museum Library, a micro- 
film copy is in the M.A Library, Aligarh. 

Zlj-i Ulugh Beg, M.A. Library, Aligarh University Collections, No 2831 , Farslya ‘Ulum 
No. 29. 
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